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PREFACE TO THE FIRST EDITION. 


Ir must have deen apparent to the numerous Officers of the 
Army, as well as to the various other persons appointed 
to the Revenue Surveys in India, that scarcely any of the 
English works on Geodesy extant, touch on, or afford any 
practical insight into, the system of Survey, as carried on and 
as peculiarly applicable to this country. Valuable and of 
high _ order as many of these works are, and of great 
importance as fixing the leading and fundamental principles 
of the profession, they are destitute of the most essential 
paits of an Indian Surveyor's duty, and of the most useful 
details for adapting such principles to the nature of the 
country with which he has to contend. 

A Surveyor of even some experience, when placed in situa- 
tions of difficulty and responsibility so common in the almost 
boundless fields still left unexplored in this vast country, with 


IV 


no competent adviser st hand, and far removed from all 
chances of assistance, may and often does feel greatly at a 
loss; some such work, therefore, as the present, forming a 
concise Manual, adapted to the peculiar requirements of this 
country, and condensing into a small space not, only what 
alone can be found in a vast number of standard and expen- 
sive works, but embodying the precise modus operandi of the 
department, from unpublished and exclusive sources, appears 
now to be called for; and it is hoped, that in the absence of 
any other similar publication, which the editors have long 
most anxiously looked for from abler hands, the present 
attempt may not be altogether out of place. 

The great extension of Surveys in India of late years, and 
the annexure of another large province to th. British Domi- 
nions, giving rise to the immediate necessity for a Survey and 
Assessment, has opened a wide field for the practical employ- 
ment of Surveyors of all descriptions, both European and 
Native. In a department, therefore, which ¢>mands a cer- 
tain amount of qualification (the test for which will be found 
in the Appendix) itis highly desirable that previous study 
and fit~ess should form the pretensions of p+ ‘sons enlisting 
“in its service. The establishment, likewise, o1 a Civil Engi- 
neering College at Roorkee, in the North Western Provinces, 
by His Honor the Lieutenant Governor, for: the training of 
youths of this country, as well as of European non-commis- 
sioned officers and privates of the army, in the several 
branches of practical science, has given an additional impetus 
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to the undertaking, and the compilation now offered to the 
public has been prepared with these views, as well as for 
practical men generally. 

The arrangement of the work is consequently in the first 
two parts elementary, the materials for which have, of neces- 
sity, been for the most part extracted from various authorities, 
chiefly from the well-known and most useful works of My. 
Simms, the Civil Engineer, and late Consulting Engineer to 
the Government of India, ‘On Mathematical Instruments,” 
and “Qn Levelling.” From Heather's “Treatise on Mathe- 
matical Instruments,” “ Jackson's” and “ Frome’s Surveying,” 
“Adam's Geographical Essays,” d&c. &c., full extracts have 
also been made; and the acknowledgments of the compilers 
are here duly recorded for the same, as well as to those 
authors from whose works extracts have been made, as 
quoted in the text. In the remaming parts of the book, it 
has been the aim to render the information useful, not only 
to the Professional Surveyor, but to the traveller and the 
explorer of neighbourmg countries, the Quarter-Master Ge- 
nerals Department, and for Revenue Officers, and Civil 
authorities of Districts, where professional assistance cannot 
be obtained, and every Collector must be his own Surveyor. 

Through the liberal and kind assistance of Lieut.-Colonel 
Waugh, Surveyor General of India, in placing the records of 
his office at their disposal, the Editors have enjoyed great 
advantages, of which they have not failed to avail themselves 
to the fullest extent: for this as well as for much valuable 


vl 
advice, their thanks are eminently due, and most cordially 
offered. 

In Parts IIT and V the Compilers have been very largely 
assisted by Babu Radhanath Sickdhar, the distinguished head 
of the computing department of the Great Trigonometrical 
Survey of India; a gentleman whose intimate acquaintance 
with the rigorous forms and mode of procedur® adopted on 
the Great Trigonometrical Survey of India, and great acquire- 
ments and knowledge of scientific subjects generally, render 
his aid particularly valuable. The Chapters 15 and 17, up 
to 21, inclusive, and 26 of Part III and the whole of Part V 
are entirely his own; and it would be difficult for the Com- 
pilers to express, with sufficient force, the obligations they 
thus feel under to him, not only for the portion of the work 
which they desire thus publicly to acknowledge, but for the 
advice so generally afforded on all subjects connected with 
his own department, 

In the typographical appearance of the work ..either ex- 
pense nor trouble have been spared, and it is honed that the 
diagrams and plates drawn on stone, and struck off separately 
after the printing of the text, will be at lecst equal in clear- 
ness and precision to the woodcuts of an English volume, 
The employment of two distinct presses has of course caused 
infinite trouble and delay; but the art of woodcutting in Cal- 
cutta is still almost unknown, and it was therefore hopeless to 
carry out the design by any other means than those adopted. 
In the correction of the press the utmost pains have been 
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taken, and although the errata in the first few pages are more 
numerous than could be desired, the latter part of the work 
will, it is believed, be found as correct as it is possible to print 
such difficult matter in this country. Most of the computa- 
tions have been reworked after the figures were in print, and 
every proof has had five or six readings. 

The preparation of the work has been carried on under a 
press of engagements, and merely at moments of leisure, after 
other arduous duties of the day had been attended to, which 
has caused the time of its publication to be very much pro- 
tracted, That it contains many defects the compilers are fully 
sensible of—there is much which in the arrangement and the 
matter they would willingly alter if in their power. They 
only desire to remind their readers, that the space devoted to 
certain subjects precluded the possibility of entering into 
them more fully; in some single chapters are condensed what 
might with ease be extended into a volume. It is not pro- 
fessed to treat of the higher branches of Geodesy; for in- 
stance—the Measurement of Base Lines, by Compensation 
Bars—the treatment of observed angles, according to the 
theory of minimum squares, so as to satisfy the geometrical 
conditions of the figures to which they may appertain—or all 
the refinements necessary to carry out an important Trngono- 
metrical Survey, such as that now in progress in this country. 
The object has been to include so much merely as may be 
useful and necessary for ordinary Topographical or Revenue 
Surveyors, and if the materials thus thrown together have 
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the effect of maintaining a high standard of accuracy in what- 
ever Survey operations may be undertaken, to keep pace with 
the refinements of the present day, and to the benefit and 
extension of our geographical knowledge, the labor expended 
in passing such a volume through the press will be most 
amply repaid. 


Calcutta, August, 1851. 


PREFACE TO THE SECOND EDITION. 


In printing the first edition of this Manual in India, chiefly 
for the use of the Surveying Department, the small number 
of copies struck off were speedily absorbed, and it has been 
the desire of the editors to thoroughly revise and rewrite 
the work before proceeding to a second edition. This, 
however, it has not as yet been in their power to accom- 
plish. Owing to incessant occupation, and the demand 
for the work continuing, and far exceeding their expec- 
tations, they have yielded to the applications made to them, 
and consented to a reprint of the original in England, with 
such slight alterations as seemed to be called for. 

In the “Appendix, some useful and valuable additions 
have been made, which it is hoped will contribute to the 
general utility of the work. 
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Wart I. 
GEOMETRY. 


CHAPTER I. 
NECESSARY DEFINITIONS AND FIRST PRINCIPLES. 


GromETRY is the science that treats of the properties of mag- 
nitude in general. The subjects which it considers are extent of 
distance, extent of surface, and extent of capacity or solid content. 
It is the foundation of Mensuration, Surveying, and other prac- 
tical branches: it embraces the measurement equally of the 
earth and the heavens; it forms with Arithmetic the basis of all 
accurate conclusions in the mixed sciences, and there is scarcely 
any mechanical art, our views of which may not be improved 
by an acquaintance with it. 

The truths of Geometry are founded on definitions, each fur- 
nishing at once an exact notion of the thing defined, and the 
groundwork of all conclusions relating to it. The leading de- 
finitions are as follow :— 

A point is that which has position but not magnitude. 

A ine is length without breadth. 

Corollary.—The extremities of a line are points; and the 
intersection of one line with another is also a point. 
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Af two lines are such that they cannot coincide in any two 
points, without coinciding altogether, each of them is called a 
straight line. 

Corollary—Hence two straight lines cannot enclose a space. 
Neither can two straight lines have a common segment; for they 
cannot coincide in part, without coinciding altogether. 

A superficies is that which has only length and breadth. 

Corollary.—The extremities of a superficies are lines; and the 
intersections of one superficies with another are also lines. 

A plane superficies is that in which any two points being taken, 
the straight line between them lies wholly in that superficies. 

A plane rectilineal angle is the inclination of two straight lines 
to one another, which meet together, but are not in the same 
straight line.* 

. When a straight line standing upon another 
straight line makes the adjacent angles equal 
to one another, each of them is called a rghit 
angle, and the straight line which stands upon 
the other is called a perpendicular to it. 


If an angle is not right it is called oblique. a 
An oblique angle is said to be acute or obtuse D 
according as it is less or greater than a right 
angle. Thus: ABC is a rght angle, DBC Y c 





an acute angle, and EBC an obtuse angle. 
A figure is that which is enclosed by one or more boundaries. 
The space contained within a figure is called the Area of the 


figure. 

A plane triangle is a figure bounded by three right lines. 

A triangle is said to be right-angled when it has a right angle. Of 
triangles which are not right-angled, and which are therefore said 


* When several angles are at one point B, any one of them is expressed by three 
letters, of which the letter that 1s at the vertex of the angle, (that is, at the point in 
which the straight lines that contain the angle meet one another), is put between the 
other two letters, and one of these two 1s somewhere upon one of those straight hnes, 
and the other upon the other line. Thus the angle which is contamed by the straight 
lines AB, CB is named the angle ABC, or CBA; that which 1s contained by AB, BD, is 
named the angle ABD or DBA, and that which is contained by DB, CB 1s called the 
angle DBC or CBD, but if there be only one angle at a point 1¢ may be oxpressed by a 
letter placed at that point. 
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to be obhque-angled, an obtuse-angled triangle, is that which has an 
obtuse angle, and an acute-angled triangle is that which has three 
acute angles, Thus: 


A is a right-angled triangle. 
B an obtuse-angled triangle. 
O an acute-angled triangle. 


An Equilateral triangle is that which has all 
three sides equal. 


An Isosceles triangle is that which has two 
sides equal. 


A Scalene triangle is that which has all its sides f / 
unequal. 

The three sides of any the same triangle are frequently distin- 
guished by giving to one of them the name of base, in which case 
the other two are called the two sides, and the angular point oppo- 
site to the base is called the vertex. 

In a right-angled triangle, the side which is opposite to the 
right angle is called the hypothenuse ; and of the other two sides, 
one is frequently termed the base, and the other the perpendicular. 

Parallel hnes are those which have no inclination 
towards each other, and are every where equi-distant. 

All Plane figures bounded by four sides are called quadrangles 
or quadrilaterals. 

A Parallelogram is a quadrilateral which has its 
opposite sides parallel. 


A Rhombus is a quadrilateral which has all its 
sides equal. 


A Rhomboid is a=quadrilateral which has its 
opposite sides equal to one another, but all its 
sides are not equal, nor its angles right angles. 
A Rectangle is a quadrilateral which has a right [| 


angie. 
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A Square is a rectangle which has two adjoin- 
ing sides equal. It is also a right-angled Rhom- 
bus. 
All other four-sided figures are called Zrape- 
sium, and all figures containing more than four 
sides are called Polygons. 

A Regular Polygon is that whose angles and 
sides are all equal. 

Tho Aiitude of a parallelogram or triangle, is a 
perpendicular drawn to the base from the angle 
opposite. 

The Diagonals of a quadrilateral are the straight 
lines which join its opposite angles. 

A Circle is a plane figure bounded by a curved 
line called the Circumference, every part whereof 
is equally distant from a point within the samo 
figure called the Centre, thus: ABDE is the cir- 
cumference and C the centre. 

The Diameter of a circle is a straight line 
drawn through the centre, and terminated both 
ways by the circumference, thus: AB is the 
diameter of the circle ADBE. 


The Radius of a circle is a straight line drawn 
from the centre to the circumference, thus: CA is 
the radius of the circle ABDE. 


A Segment of a circle is the figure contained 
by a straight line and the portion of the circum- 
ference it cuts off, thus: ABD is a segment of 
the circle AEDB. 


A Sector of a circle is any part bounded by an 
are and two radii to its extremities, thus :—ACB 
is a sector of the circle BAD. 





The circumference of every circle is supposed to bo divided off 
into 360 equal parts, called deyrees, cach degree is subdivided into 
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60 equal parts, called minutes, and each minute into 60 equal parts, 
called seconds. Degrees are expressed thus°: minutes, thus /: 
seconds, thus ”. 

A Quadrant of a circle will therefore contain 90 degrees, and a 
Semicircle 180 degrees. 

The Measure of every plane angle is an are of a circle, whose 
centre is the angular point, and is said to be of so many degrees, 
minutes and seconds, as are contained in its measuring are. 

The Complement of an arc or angle, is what it exceeds or wants, 
of a right angle, or 90 degrees. 

The Supplement of an arc or angle, is what it wants of two right 
angles or 180 degrees. 

The Magnitudes of arcs or angles, are determined by certain 
straight lines, appertaining fo a circle, called Chords, Sines, Tan- 
gents and Secanis. . 

The Chord of ox arc is a straight line, joining its extreme points. 

The Sixe of an arc is a line drawn from either end of it, perpen- 
dicular to a diameter meeting the other end. ; 

The Tangent of an arc is a line proceeding from either end, per- 
pendicular to the radius joining it; the length of which is limited 
by a line drawn from the centre through the other end. 

The Secant of an arc is the line proceeding from the centre, and 
limiting the tangent of the same arc. 

The Versed Sine of an are is that part of the diameter inter- 
cepted between the sinc and the end of the said are. 

The Co-Sine, Co-Tangent, etc., of any are is the Sine, Tangent, 
etc., of its complement. Thus: 


FO, is the Chord of the arc FVO. 

FR, is the Sine of the arcs VF ee ee 
and FAD. a 

VT, is the Tangent of tho arcFV. 

CT, is the Secant of thourc FV. i 

RV, RD, are the Versed Sues py) — —— nore 
of the ares, FV, and FAD. * 

FG is the Co-Sine, AI the Cu-  \ | / 
Tangent, and CI the Co-Secant ‘\ 
of the arc FV, : 0 
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The Chord of 60°, the Sine of 90°, the Versed-Sine of 90°, 
the Tangent of 45°, and the Secant of 0° are all equal to the 
radius. 

It is obvious that in making use of these lines, the same radius must always 
be used, otherwise there would be no settled proportions between them. 

A Theorem is a proposition, wherein something is proposed to 
be demonstrated. ° 

A Problem is a proposition, wherein something is to be done or 
effected. 

A Lemma is some demonstration, previous and necessary, to 
render what follows the more easy. 

A Corollary is a consequent truth, which follows immediately 
from some preceding truth or demonstration. 

A Scholium is a remark or observation. 

An Aziom is a proposition, which is assumed to be true without 
demonstration. 

A Postulate is something, which is assumed as possible to be 
done, without demonstrating how it is to be done. 


AXIOMS. 


1, Things which are equal to the same thing, are equal to one 
another. 

2. If equals be added to equals, the wholes are equal. 

3. If equals be taken from equals, the remainders are cqual. 

4. If equals be added to unequals, the wholes are unequal. 

5. If equals be taken from unequals, the remainders are 
unequal. 

6. Things which are double of the same, are equal to one 
another. 

7. Things which are halves of the same, are equal to one 
another. 

8. Magnitudes which coincide with one ‘another, that is, which 
exactly fill the same space, are equal to one another. 

9. The whole is greater than its part. 

10. All right angles are equal to one another. 


POSTULATES. 

1. That a right line may be drawn from any one given point 
to another point. 

2. That a right line may be produced or continued at pleasure. 

3. That from any centre and with any radius the circumference 
of a circle may be described. 

4. It is also required, that the equality of lines and angles to 
others given, be granted as possible: That it is possible for one 
right line to be perpendicular to another, at a given point or 
distance: and that every magnitude has its half, third, fourth, 
&c., part. 


SIGNS. 


The Sign = denotes the quantities between which it stands 
to be equal. 

The Sign -++- denotes the quantity it precedes to be added. 

The Sign — denotes the quantity which it precedes to be sub- 
tracted. 

The Sign XX denotes the quantities between them to be mul- 
tiplied into each other. 

The Sign — stands for division. 

The Sign > greater than. 

The Sign < less than. 

The Sign @ Difference between. 

To denote that four quantities, A, B, C, D, are proportional, 
they are usually written thus, A:B::C: D, and read thus, A 
is to B, as is C to D; but when three quantities, .\, B, C, are 
proportional, the middle quantity is repeated, and they are 
written A: B::B:C. 


CHAPTER II. 


PRACTICAL GEOMETRY. 


GEOMETRICAL THEOREMS. 


Tarorem I. 


Tfaright tine fails on another, as AB or EB does on CD, it either 
makes with vt two right angles, or tio angles equal to two right 
angles. 

1. If AB be perpendicular to CD, then the angles 
CBA and ABD, will be each a right angle. ft 

2. But if EB fall obliquely on CD, then will the 
angles DBE + EBC = DBE + EBA (= DBA) 

-++ ABC, or to two right angles. Q. E. D. 

Corollary 1. Yfany number of right lincs aredrawn © “4% ~~ ~D 
from one point on the same side of a right line; all the angles made by these 
lines will together be equal to two right angles. 

Cor. 2. All the angles which can be made about a point, will together be 
equal to four right angles. 


Tueo. IT. 


Ff one right line crosses another, as AC docs BD, the opposite angles, 
made by those lines, will be equal to each other, that is AEB to 
CED, and BEC to AED. 

By Theorem I. BEC 4+- CED = 2 right angles, and Ay 

CED + DEA = 2 right angles. “ 
There (by Axiom 1.) BEC -+CED = CED + DEA, 3 

take CED from both, and thereremains BEC = DEA. w ~~ & 


(by Axiom 3.) ° - 
In thé same manner CED -+- AED == 2 right angles; 

ond AED + AEB = 2 right angles: whereforetaking “¢ 

AED from both, there remains CED) = AEB. Q. E, D, 
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Tueo. IT. 


If aright line crosses two parallel lines, as GH does AB and CD, 
then, , 

lst. The sum of the interior angles on the same side will be equal to 
two right angles, that is AEF +- CFE equal to two right angles, and 
BEF +- DFE equal to two right angles. 

and. The alternate angles will be equal, that 4 , AEF = EFD, and 
BEF = CFE. 

ord. The exterior angle will be equal to the interior and opposte one 
on the same side, that is AEG = CFE, and BEG = DFE. 


Ist. If the angles AEF and CFE be not equal to two right angles, let them, 
if possible, be greater than two right angles; then be- 
cause the lines AE and CF are not more parallel than 
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EB and FD, the angles BEF and DFE are also greater ria 
than two right angles. Therefore the four angles AEF, A 
CFE, BEF, DFE, are greater than four mght angles, ¢ 3 
and (by Theorem I.) they are also equal to four right i, 
angles, which is absurd. H 


In the same manner it may be shown that the angles AEF and CFE cannot 
be less than two right angles. Therefore they are equal to two right angles. 
Wherefore also the angles BEF and DFE are equal to two right angles. 

2nd. Now AEF -++ CFE = two right angles. Again (by Theorem I.) CFE 
+ DFE = two right angles. Therefore (by Axiom 1) AEF +. CFE = CFE 
+ DFE. Take away CFE from both and there remains AEF = DFE (by 
Axiom 3). In the same manner we prove that BEF = CFE. 

3rd. Now BEF = CFE, and (by Theorem I.) BEF = AEG. Therefore 
AEG = CFE (by Axiom 1.) In the same way we prove BEG = DFE. 
QE. D. 


Truro. LV. 


Tf in any triangle ABC, one of its sudes, as BC, is produced towards 
D, tt wll make the external angle ACD equal to the two internal 
opposite angles taken together ; viz., to B and A. 


Through C let CE be drawn parallel to AB; then A E 
sinco BD cuta the two parallel lincs, BA, CE, the 
angle ECD = B, (by part 3 of the last Theo.); and ‘ 
again, since AC cuts the same parallels, the angle \ 

ACE = A (by part 2 of the last Theo.) Therefore / ; 
ECD + ACE= ACD =B+A. QED. B © D 
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Taro. V. 
In any triangle ABC, all the three angles taken together are equal to 
two right angles, viz., A + B-+- ACB = two right angles. 

Produce BC to any distance as D, then (by the A: 
last Theo.) ACD = B +- A; to both add ACB; then 
ACD + ACB =A + B + ACB: But ACD + 
ACB = 2 right angles (by Theo. I.), therefore the 
three angles A + B -++ ACB = 2 right angles. 

Q. E. D. 

Cor. 1. If one angle of a triangle be known, the B c b 
sum of the other two is also known: For sinco the three angles of every 
triangle contain two right angles or 180 degrees, therefore 180 less the given 
angle will be equal to the sum of the other two; or 180 less the sum of two 
given angles, gives the other one. 

Cor. 2. In every right-angled triangle, the two acute angles = 90 degrees, 
oroneright angle: Therefore 90 degrees less one acute angle, fives the other angle. 

Cor. 3. All the interior angles of any rectilineal figure, together with four 
right angles, are equal to twice as many right angles as the figure has sides. 

For any rectilineal figure ABCDE, can 
be divided into as many triangles‘as the 
figure has sides, by drawing straight lines 
from s point F within the figure tocachof , Yo ; 
its angles. And, by this Theorem, all the ‘ 
angles of these triangles are equal to twice l 
as many right angles as there are trianglcs, u 
that is, as there are sides of the figure: ‘ = 
and the same augles are equal to the angles BS 
of the figure, together with the angles at the point F, which is the common 
vertex of the triangles; that is, together with four 1ight angles. ‘Therefore 
all the angles of the figure, together with four light angles, are equal to twice 
as many right angles as the figure has sidcs, 

Cor. 4. All the exterior angles of any rectilineal figure are together equal 
to four right angles. 

Because every interior angle ABC, with Fr 
its adjacent exterior ABD, is equal totwo \ ge 
right angles; therefore all the interior, : 
together with all the exterior angles of the ©“ \E 


figure, are equal to twice as many right ‘ 
angles as there are sides of the figure; 
that is, by the foregoing corollary, they \ 
are equal to all the interior angles of the \ | 


figure, together with four right angles; D0-——y- 
therefore all the exterior angles arc equal to four right angics. 


li 


Tueo. VI. 

Af in any two triangles, ABC, DEF, there be two sides, AB, AC, in 
the one, severally equal to two sides, DE, DF, in the other, and the 
angle A contained between the two sides in the one, equal to the angle 
D in the other ; then the remaining angles of the one will be severally 
equal to those of the other, vis.: B= E and C = F; and the base 
of the one, BC, will be equal to EF, that of the other. 

If the triangle ABC be supposed to be laid c ¥ 
on the triangle DEF’, so as to make the points ms 


A and B coincide with D and E, which they / 

will do, because AB = DE; and since the 

angle A =D, the line AC will fall along DF, vA \ 
B D E 


and inasmuch as they are supposed equal, C 

will fall in F ; sceing, therefore, the three points of one coincide with those of 

the other trianglegthcy are manifestly equal to each other; therefore the angle 

B=EandC=F,andBC=EF. Q.E.D. 

LEMMA. 

Uf two sides of a triangle ABC be equal to each other, thut 1 AC = CB; the 
angles whch ure oppose to those equal eides, will also be equal to each other, 
uz.: A= B. 

For let the triangle ABC be divided into two trian- c 
gles CDA, CDB, by making the angle ACD = DCB (by “\ 
postulate 4) then because AC = BC and CD common, + 
the triangle ADC = CDB; and therefore the angle x 
A=B. Q.E. D. ‘ \ 

Cor. If from any point in a perpendicular which bi- \ 
sects a given line, there be drawn right lines, to the ex- A D B 
tremitics of the given one, they with it will form an isosceles triangle. 


=e 


Tueo. VII. 
The angle BCD, at the centre of a circle ABED, is double the angle 
BAD at the circumference. 
Through the point A, and the centre C, diaw the line A 
ACE: Then tho angle ECD = CAD + CDA; (by Pos 
Theo. 4) but since AC = CD (being radii of the same fn 
cirelo), it is plain (by the preceding Lemma) that the B: \ \ 
angles subtended by them, will be also equal, and that ch \ 
their sum is the double of either of them, that is DAC | / 
+ ADC is double of CAD, and therefore ECD is double Kal J 
of CAD; in the same manner BCE is double of CAB, 
wherefore, BCE 4+- ECD or BCD is double of BAC + CAD or of BAD. 
Q. E. D. ° 
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Cor.1. An angle at the circumference is measured by half the arc it sub- 
tends or stands on. 
Cor. 2. Allangles at the circumference of a circle 
which stand on the same chord as AB, are equal to each D 
other or they are all measured by half the arc they stand 
on, viz. by half the arc AB. 
Cor. 8. An angle in a segmemt greater than a semi- t 
circle is less than a right angle; thus ADB is measured L, B 
by half the arc AB, but as the arc AB is leas than a 
semicircle, the arc AB or the angle ADB is less than halfa 
semicircle, and consequently less than a right angle. 


Cor. 4. An angle in a segment less than a semicircle 
is greater than a right angle, for since the arc AEC is \y 
greater than a semicircle, its half, which is the measure = 
of the angle ABC, must be greater than half a semi- 
circle, that is, greater than a right angle. / 


Cor. 5. An angle in a semicircle is a right angle, for 
the measure of the angle ABD, is half of a semicircle 
AED, and therefore a right angle. 





Nowe 


Tueo. VIII. 


If from the centre C of a circle ABE, there be let fall the perpendicular 
CD on the chord AB, + will bisect tt in the point D. 


Let the lines CA and CB be drawn from the centre 
to the extremities of the chord, then since CA — CB, 
the angle CAB = CBA (by the Lemma Theo. 6). But 
the triangles ADC, BDC are right-angled triangles, 
since the line CD is a perpendicular; therefore the 
angle ACD = DCB; (by Cor. 2. Theo. 5,) then we 
have AC, CD, and the angle ACD in one triangle, 
severally equal to CB, CD, and the angle BCD in the other: Therefore (by 
Theo. 6), AD = DB. Q.E.D. 

Cor. Hence it follows, that any line bisecting a chord at right angles is a 
diameter; for a line drawn from the centre perpendicular to a chord, bisects 
that chord at right angles; therefore, vire rersd, a line bisccting a chord at 
right angles must pass through the centre, and conscquently be a diameter, 
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Treo. IX. 
Df from the centre of a circle ABE there be drawn a perpendicular CD 
on the chord AB, and produced till it meets the circle in F. that line, 
CF, will bisect the arc AB in the point F. 
Let the lines AF and BF be drawn, then in the tri- ~ 
angles ADF, BDF; AD = BD (by the last Theo); 
DF is common, and the angle ADF = BDF being both 
right angles, for CD or DF is a perpendicular. There- 
fore (by Theo. 6), AF—FB; but in the same circle 





them; whence the are AF = FB, and so AFB is bi- 
sected in F, by the line CF. Q. E. D, 

Cor. The sine of an arc is half the chord of twice that arc. For AD is the 
sine of the arc AF’, AF is half the arc, and AD half the chord AB (by Theo.8). 


THeo. X. 
In any triangle ABD, the half of each side is the sine of the opposite 
angle. 
Let the circle ABD be drawn through the points 
A, B, D; then the angle DAB is measured by half ee 


the are BKD. (by Cor. 1, Theo. 7,) viz.: the chord we 
of BK is the measure of the angle BAD; therefore [- a 

(by Cor. to the last Theo.) BE, the half of BD, is the an eS) 3e 
sine of BAD: in the same way may be proved that 

half of AD is the sine of ABD, and the half of AB is nee: 2 
the sine of ABD. Q.E.D. = 


Teo. XI. 
If two equal and parallel lines AB, CD, be joined by two other lines 


AD, BC, those lines will be also equal and parallel. 
Let the diagonal BD be drawn, and we have D Cc 
the two triangles ABD, CDB; whereof AB in | SS | 





| 
one is equal to CD in the other, DB being | 
common to both, and the angle ABD=CDB | ON | 
(by Part 2, Theo. 3); therefore (by Theo. 6) | 
AD = CB, and the angle CBD = ADB, con- | ace 
sequently the lines AD and BC are parallel. | 4 
Cor. 1. The quadrilateral figure ABCD is “ 


a@ parallelogram, and the diagonal BD bisects the same, inasmuch as the tri- 
angle ABD = BDC, as now proved. 

Cor. 2. The triangle ADB on the base AB, and between the same parallel 
with the parallelogram, ABCD, is half the parallclogram. 


14 


Cor, 8. It is also plain, that the opposite aides of « parallelogram are equal; 
for it has been proved that ABCD being a parallelogram, AB = CD and 
AD =BC. 


Taxo. XIT. 


All parallelograms on the same or equal bases and between the same 
parallels are equal to one another, that is if BD = GH, and the lines 


BH and AF are parallel, then the parallelogram ABDC = BDFE 


= EFGH. 

For AC = DB =EF (by Cor. 3, last Theo ) a ¢ : gE 
to both add CE, then AE=CF. In the tri- 
angles ABE, CDF; AB = CD and AE = CF a 
and the angle BAE = DCF (by Part 3, ss 
Theo. 8); therefore the triangle ABE = CDF 4 
(by Theo. 6); let the triangle CKE be taken Sn fiyeme, | 
from both, and we have the trapezium ABKC B D 
= KDFE; to each of these add the triangle BKD, then the parallelogram 
ABCD = BDEF;; in like manner we may prove the parallelogram EFHG = 
BDEF. Therefore ABDC = BDEF=EFNG. Q.E.D. 

Cor. Triangles on the same or equal bases and between the same parallels, 
are equal, seeing (by Cor. 2, Theo. 11) that they are the halves of their respective 


parallelograms. 


Tuero. XIII. 


In every right-angled triangle ABC, the square of the hypothenuse or 
longest side, BC, or BCMA, is equal to the sun or th aquarcs nude 
on the other two sides, AB and AC, that is, to ABDE and ACGE. 


Through A draw AKL perpendicular to * 
the hypothenuse BC, join AH, AM, DC 
and BG; in the triangles BDC, ABH, - 
BD «= BA being sides of the sane square,  ogge 
and also BC — BH, and the included angle 
DBC = ABH, (for DBA = CBH being : 
both right angles, to both add ABC, then eis 
DBC = ABH,) therefore the triangle DBC 
= ABH (by Theo. 6); but the triangle 
DBC is half of the square ABDE (by 
Cor. 2, Theo. 11) and the triangle ABH is 
half the parallelogram BK LH (by the same same 
Theo.) ; therefore half the square ABDE is xt 


ad 
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equal to half the parallelogram BKLH, and the square ABDE equal to the 

BKLH. In the same way may be proved, that the square 
ACGF,, is equal to the parallelogram KCLM. So ABDE + ACGF the sum of 
the squares, = BKLH -++- KCML, the sum of the two parallelograms or square 
BCMH;; therefore the sum of the squares on AB and AC is equal to the 
square on BC. Q. E. D. 

Cor. 1. The hypothenuse of a right-angled triangle may be found by 
having the other two sides ; thus, the square root of the sum of the squares of 
the base and perpendicular, will be the hypothenuse. 

Cor. 2. Having the hypothenuse and one side given to find the other ; the 
square root of the difference of the squares of the hypothenuse and given side 
will be the required side. 





Turo. XIV. 


In all cirelea the chord of GO degrees is alirays equal in length to the 
radius. 
Thus in the circle AEBD, if the arc .1EB be an are of 60 degrees, 
and the chord AB te drain ; then AB = CB = AC. 

In the triangle ABC, the angle ACB is 60 degrecs, nee 
being measured by the are .LEB; therefore the sum of a i< 
the other two angles is 120 degrees (by Cor. 1. Theoad.) = \E 
but since AC = CB, the angle CAB = CBA (by Lemma 


\ 
v —é in 
Theo. 6.) consequently cach of them will be 60, the half 
of 120 degrees, and the three angles will be equal to one a 
another, as well as the three sides: Therefore AB = Ss a 
BC=AC. Q.E.D. 


Tueo. XV. 

If in toro triangles, ABC, abe, ail the angles of one, be each respectively 
equal to all the angles of the other, that w A = a, B= b, C =e: 
then the sides oppostte to the equal angles will be proportional, vis. : 

AB. ab-: AC sae 
AB: ab:: BC: be 
and AC : ae:: BC : be. 
For the triangles being inscribed in two 7 
cireles, it is plain since the angle A == a, : AB 
the are BDC = de, and consequently a0 \ i 


the chord BC is to be, as the radius of the Ne I 
circle ABC is to the radius of the circle abe; | ne j ( X ; 
(for the greater the redius is,the greaterie <0 Nf S\N 
the circle described by that radius; and =~ _. -:y “8 


consequently the greater any particular 
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aro of that circle is, so the chord, sine, tangent, &e, of that are will be also 
greater; therefore in general, the chord, sino, tangent, &c. of any are is pro- 
portional to the radius of the circle); the same way the chord AB is to the 
chord ab, in the same proportion. 

Therefore AB: ad:: BC: dc. In the same manner the rest may be proved 


to be proportional. Q. E. D. 


STE 


Teo. XVI. 

Tf from a point A without a circle DBCE, there be drawn two kines 
ADE, ABC, each of them cutting the circle in two points ; the pro- 
duct of one whole line into its external part, vis., AC into AB, will 
be equal to that of the other line into its external part, ris.: AE 
into AD. 

Let the lines DC, BE be drawn, in 7 


the two triangles ABE, ADC; the — .c 

angle AEB = ACD, (by Cor. 2, Theo. ee aa \ 

7), the angle A is common, and (by .— ~ aS 
Cor.1, Theo. 5) the angle ADC—=ABE; “ =~ gy-- ~~ s/ 

therefore the triangles ABE, ADC are eens 
mutually equiangular, and consequently, 


(by the Inst Theo.) AC: AE :: AD: AB; wherefore AC multiplied by AB, 
will be equal to AE multiplied by AD. Q. E. D. 


Turo, XVII. 

Trian gles ABC, BCD, and parallelograms ABCE, BDEC hacing the 
same altitude, hare the same proportion betireen themselres as their 
bases AB and BD. 

Ro. ' 

Let any aliquot part of AB be taken, © = / 

which will also measnre BD: suppose thet 

to be Ag, which will be contained twice 

in AB, and three times in BD, the parts 

Ag, gB, Bh, hi and iD being all equal,and —\ 

let the lines gC, AC, iC be drawn: Then ’ 

fy Cm to The 13) ol tha mal ee ay Boat DB 

g , BCB, BCh, &c. will be equal to cach other, and will be as 

the perts into which their bases were divided ; therefore it will Sista a 

the parts in one base, is to the sum of those in the other, so will be the sum of 

the small triangles in the first, to the sum of the amall triangles in the second 
triangle ; rie AB: BD :: ABC: BDC. 

Whence the parallelograms ABCF and BDEC bei 
11) the doubles of the triangles, are likewise as their ea bara saa 


17 


Taro. XVIII. 
Triangles ABO, DEF, standing upon equal bases, AB and DE, are’ 
each other as their altitudes CG and FH. 

Let BI be perpendicular to AB and equal 
to CG, in which let KB — FH, and let AI 
and AK be drawn. 

The triangle AIB = ACB (by Cor. to 
Theo. 12) and AKB = DEF; but (by Theo. 
17) BI: BK :: ABI : ABK. That is 
CG: FH:: ABC: DEF. Q.E. D. 





Tueo. XIX. 
If a right line BE, be drawn parallel to one side of a triangle ACD, it 
will cut the two other sidcs proportionally, iz.: AB: BC:: AE: ED. 


will be equal (by Cor. to Theo. 12), therefore (by Theo. 
17), AB: BC:: (BEA: BEC or BEA: BED):: AE: B 
Cc 


aaa 


Cor. 1. Hence AC - AB :- AD: AE: for AC: AB :: (AEC: AEB:: ABD: 
AEB) :: AD: AE. 

Cor. 2. It also appears that a right line, which divides two sides of a triangle 
proportionally, must be parallel to the remaining side. 

Cor. 3. Hence also Theo. 15. is manifest: since the sides of the triangles 
ABE, ACD, being equiangular, are proportional. 


Truro, AX. 

If two triangles ABC, ADE, hare one angle BAC, equal to one angle 
DAE, and the sides about the equal angles proportional, that 3 AB. 
AD:: AC: AE, then the triangles will be mutually equiangular. 
In AB take Ad= Al), and let de be c 

parallel to BC, mecting AC in e. iN 
Because (by the first Cor. to the fore- 3 

going Theo.) AB: Ad (AD) :: AC: .\e, 

and AB: Al):: AC: AE; therefore Ae = ra 

AE secing AC bears the same proportion 

to each; and (by Theo. 6) the triangle oo __ lee EE oh bes eet 

Ade= ADE, ae the angle Ade=D) “ q BA = 

and Aed = E, but sinco ed and BC are parallel (by part 3. Theo. 3) Ade = B, 

and Aed = C, therefore B= DandC=E. Q. E. D. 





Draw CE and BD; the triangles BEC and EBD being } 
on the same base BE and under the same parallel CD, \ 
& 
ED. QE. D. 
D 


E 
A 
\ 

\ 
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Taro. XXI.° 
Equiangular triangles ABC, DEF, are to one another in a duplicate 
proportion of their homologous or hke sides; or as the squares AK 
and DM of their homologous sides. 

Let the perpendiculars CG and FH be drawn, 
as well as the diagonals BI and EL. 

The perpendiculars make the triangles ACG 
and DFH equiangular, and therefore similar 
(by Theo. 15.) for beeause the angle CAG = 
FDH and the right angle AGC = DHF, the 
remaining angle ACG = DFH, (by Cor. 2. 
Theo. 5). 

Therefore GC : FH: : (AC: DF) :: AB: DE, or which is the same thing 
GC: AB:: FH: DE, for FH multiplied by AB =.AB multiplied by FH. 

(By Theo. 18) ABC: ABI :: (CG: AI, or AB :: FH : DE, or DL) :: DFE 
DLE, therefore ABC : ABI:: DFE : DLE, or ABC: AK :: DFE: DM, for 
AK is double the triangle ABI, and DM double the triangle DEL, (by Cor. 2. 
Theo. 11). Q. E. D. 





—w ae 


THeo. XXII. 
Like polygons ABCDE, abede, are in a duplicate proportion to that of 
the sides AB, ab, which are between the equal angles A and B, and 

a and b, or as the squares of the sides AB, ab. 

Draw AD, AC, ad, ae. 

Now AB: ab:: BC: dc, and also the 
angle B=; therefore (by Theo. 20.) 
BAC = bae; and ACA=acb; in hke 
manner EAD = ead, and EDA = eda. 
If therefore from the equal angles A, and 
a, we take the equal ones EAD 4+- BAC = 
ead -++ bac, the remaining angle DAC = 
dac, and if from the equal angles D and d, me eda be taken, we have 
ADC = ade: and in like manner if from C and e be taken BCA = bea, we 
have ACD = acd; and so the respective angles in every triangle will be equal 
to those in the other. 

(By Theo. 21.) ABC : abe :: the square of AC: the square of ac, and also 
ADC : ade :: the square of AC : the square of ac; therefore, from equality of 
proportions, ABC : abe:: ADC: ade. In like manner we may show that ADC 
: ade : EAD : ead; therefore it will be—as one antecedent is to one consequent ; 
so are all the antecedents to all the consequents. That is ABC : abe :: the sum 
of the three triangles in the first polygon : the sum of those in the last. Or 
ABC will be to abc, as polygon to polygon. 
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The proportion of ABC to abe (by the foregoing Theo.) ia as the square of 
AB is to the square of ab, but the proportion of polygon to polygon is as ABC 
to abe as now shown: therefore the proportion of polygon to polygon is as the 
square of AB, to the square of ab. Q.E.D. 


Taro. XXIIT. 

Let DHB be a quadrant of a circle described by the radius CB: HB 
an are of tt, and DH «zs complement ; HL or FC the sine; FH or 
CL its co-sine; BE tts tangent; DI ws co-tangent; and CK its 
secant ; and CI its co-secant. 





1. The co-sine of an arc, is to the sine, as K 
radius is to the tangent. = : 

2. Radius is to the tangent of an arc, as the 
co-sine of it is to the sine. a F | 

3. The sine of an are is to its co-sine, as | 
radius to its co-tangent. / / 

4. Or radius is to the co-tangent of an arc, A c 77 bed 
as its sine to its co-sine. | ] 
5, The co-tangent of an are is to radius, as Wa 
radius to the tangent. MS _“¢ 

6. The co-sine of an arc is to radius, as ee 
radius is to the secant. 


7. The sine of an arc is to radius, as the tangent is to the secant. 

The triangles CLH and CBK being simular (by Theo. 15.) 

1. CL: LH :. CB: BK. 

2 Or, CB: BK :: CL: LH. 

The triangles CFH and CDI being simular. 

3. CF (or LH) : FH :: CD: DI. 

4. CD: DI:: CF, (or LH) : FH. 

The triangles CDI and CKB are mmilar; for the angle CID = KCB being 
alternate ones (by Part 2. Theo. 3.) the lines CB and DI being parallel: The 
angle CDI=CBK being both right angles, and consequently the angle 
DCI — CKB, wherefore, 

5. DI: CD :: CB: BK. 

And again, making use of the similar triangles CLH, and CBK. 

6. CL: COB: CH: CK. 

7. HL: CH: BK: CK. 


c2 


CHAPTER III. 


PRACTICAL GEOMETRY. 


GEOMETRICAL PROBLEMS. 


Prosiem I. 


To bisect a given right line AB, that ts, to cut it at right angles by 
another right hne CD. 


1. From the point A as a centre, and with any ?- 
radius greater than half the length of the given line, i 
describe the arcs a and b, above and below the said 
line. 2. With the same radius and from B as a 
centre, describe the ares ¢ and d, intersecting the A-—-—— 
former. 3%. Through the points of intersection, draw 
the line DE, which will divide the given line into 
two equal parts in the point C, as required. é 13 


Nore.—CD is a perpendicular raised in the middle of the line AB, therefore 
the four angles about the point C are right angles: also by this problem, a 
circle can be divided into four equal parts called Quadrants. 


Pros. II. 
To draw a line parallel to a given line AB. 
Case I. When the parallel line is to be at a given distance. 
1. Take two points ¢ and d in the given 


line; and from the pointscanddescentres, $~—*— . * 
and the given distance for a radius, describe 

the ares ¢ and f. 2. Draw the line GH, 

touching both ares without eutting them, © -—@—___. 


and it will be parallel to AB as required. 
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Cuse IT. When the parallel line is to pass through a given point C. 
1, Take any point D, in the line AB, ® é o- 
and draw the line DC, 2. Make the angle 
ECD equal to CDB, and the line EF will 
be parallel to AB, as required. 





Pros. ITI. 
Lo divide a given line AB into any number of equal parts. 

1. Draw the line AC, and make an 
angle at B, equal to the given angle at A. 
2. With any convenient distance, set off 
the number of parts required (suppose 4-- 
four) from A towards C, and also the same ‘ 
parts from B towards D. 3. Draw the 
lines (A.4), (1.3), (2.2), (3.1), (4B), which 9 >" 
will divide the line AB, as required. 

NotE.—This operation not only divides AB, but also AC, or BD, into four 
equal parts. 


Pros. IY. 
To erect a perpendicular from a given point C in a gwen right tne AB. 
Case I. When the given point is near the middle of the lane. 


1. Set off two equal distances from it on the eee 

line AB, as Ca and Cb, 2. With any radius a 

greater than aC, and from a as a centre, describe 

anare. 3. With the same radius, and from basa 

centre, describe another arc, cutting the former 

in D. 4. Draw the line CD, which will be the 

perpendicular to AB, as required. A! c¢ b B 
Case IT. When the gwen point C 1s at the end of the line, or near the end. 

¥ 

1, From any point D (not in the given line) 

as a centre, and with the radius DC, describe an 

are, cutting AB in E and C. 2. Draw the line D,’ 

EF through the point D, cutting the arc in F. 

3. Through the point of intersection F, draw the 

line CG, which will be the perpendicular required. on 


22 


Pros. V. 
To let fall a perpendicular from a given point C, on @ gicen right 
line AB. 


1. From C as a centre, describe an arc cutting 
the given lines in two places, D and E. 2. From 
D as a centre, and a radius longer than DG, de- ; 
scribe the arc a a: and with the same radius, la R- 
and from E as a centre, describe another arc 
cutting the first in F. 3. Draw the line CF, and «| 
CG is the perpendicular required. ee 


When the given point C is nearly opposite the end of the line. 





1. Take any two points D and E, in the given 
line, and from D, with the radius DC, describe 
anare. 2. From E, with the radius EC, describe 
another arc; then through the points of inter- »« » 
section C and F, draw a line and CG will be the 
perpendicular required. 


Pros. VI. 
To make an angle equal to a giren angle ABC. 


1. Draw the line OD: and from D as a 
centre, with the radius DE, draw an arc 
EF. 2. With the same radius, and from “z- 
B, as a centre, describe the are GH. 3. per 
Set the distance GH off from E to F, and 
through F draw the line DI, which will 
be the angle required. 


Pros. VII. 
To bisect or divide a given angle BAC into to equal parts. 

1. From the centre A, describe the arc DE. Cc 
2. From the centre D, with any radius longer zE- 
than half of DE, describe the arc a a; and from os a: 
the centre E, with the same radius, describe 4“<——- 
another arc cutting the former in G. 3. Draw es 
the line AG, and the angle BAC will be divided ce 
into two equal parts or angles. 





~—? —& 


| 
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Pros. VIII. 
Lo divide a right angle ABC into three equal parts. 


1. From B as a centre, describe an arc DE. 2. 
With the same radius, and E for a centre, cross the 
are in 8; and with the same radius, and D for a 
centre, cross the arc in a. 3. Draw the lines a B 
and 4 B, and the angle will be divided into three 
equal parts. 





Pros. IX. 
To make an angle of any proposed number of degrees. 


cD 


1, Take the first 60 degrees from a scale of 
chords as a radius and from A as a centre, 
describe an arc BC. 2. Take the proposed « ie 
number of degrecs from the scale of chords, . 
and set them off from B to C; then draw the c\ | 
line AD, and the angle will be made. If the 
angle 1s to contain more than 90 degrees, it ° 
must be taken at two operations. 





A scale of chords is made by transferring 
the divisions on the arc of a quadrant to its 
chord. Thus, suppose ACB is a quadrant and 
the right line BA the chord of its arc. Let p 
this arc be divided into 90 equal parts or de- 
grees: then if one foot of a pair of compasses 
be kept on the point B, and ares successively \ 


described with the other from each of the 90 - a8 

divisions on the arc to meet BA, those arcs 

will divide it into a line of chords. “3B 
Pros. X. 


To find the number of degrees contained in an angle BAC. 


1, From A for a centre, and with a chord of 60 degrees for a radius, 
describe the arc BC. 2. Take the distance BC, and apply it to the scale of 
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chords, which will show the number of degrees. If the angle contain more 
than 90 degrees, it must be taken at two operations. 





Pros. XI. 
Upon a given right line A.B to make an equilateral triangle. 


1. From the point A as a centre, and with the IX 
radius AB, describe on arc; and with the same / 
radius AB, and from B as a centre, cross the first / 
arc in C. 2. Draw the lines CA and CB, which / 
will complete the equilateral triangle ABC. 


Pros. XII. 
To construct a triangle the sides of which are as the hnes AB, CD, 
and EF, 
- § 
1. From the centre A, with the lnme CD as a ra- ~ 3 
dius, describe an arc; and from the centre B, and 
the line EF as a radius, intersect the first arc in G. i 
2. Draw lines from A and B toG, and the tnangle 4 i 
will be completed. z 
Cc 


Pron. XIII. 
To make a trangle BCE equal to a guten quadrilateral figure ABCD. 


Draw the diagonal AC, and parallel to it DE, ¢ 
mecting AB produced in E; then draw CE, and . 
ECB will be the tnangle required. 

For the triangles ADC, AEC being upon the same } 
bese AC, and under the same parallel ED, (by Cur. 9 ~ \ 
to Thoo. 12.) will be equal, therefore, f ABC be 2 
added to cach, then ABCD = BUE. ¢ “4 
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Pros. XIV. 

To make a triangle DELF equal to a given ee ence CUE, 

Draw DA and DB, and also EH and 
CF parallel to them, meeting AB produced 
in H and F; then draw DH, DF, and the 
triangle HDF is the one required. 

For the triangle DEA = DHA, and 
DBC = DFB (by Cor. to Theo. 12) there- 
fore by adding these equations DEA + 
DBC = DHA + DFB, if to each of these \ 
ADB be added; then DEA+ ADB+ HZ A B F 
DBC = ABCDE = (DHA + ABD -+ DFB) = DHF. 






Pros. XV. 
To describe an isosceles triangle on the base AB, the other sides of which 
shall be equal to the line C. =z. 


From the points A and B as centres, and the line C for a 
radius, describe arcs intersecting in E; then draw the lines 
AE and BE, and tho triangle will be completed. 


Pros. XVI. 
To construct a square upon a given line AB. 





1. From the point B erect the perpendicular BC,equal ?_. 
to AB; and from A and C, with the radius AB, describe 
ares intersecting in the point D. 2. Draw AD and CD, 
and the square will be completed. Or, erect two per- 
pendiculars from A and B, equal to AB, draw DC, and 
the square will be completed. 


ES | oy | 


bro 
| 
{ 





eels B 
Pros. AVII. 

To construct a rectangular parallelogram, the length and breadth of 

which shall be equal to tico giten lines AB and CB. 
1. From the point B at the end of the 

base AB, erect BC perpendicular, and equal A: 

to the breadth CB. With the centre A, p! ee 

and radius BC, describe an are; and with y 

the centre C, and radius AB, describe an- 

other are intersecting the former in D. j 

3. Draw the lines AD and CD, and the l 

figure will be completed. is aca aan 
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Pros. XVIII. 


To make a rhombus whose side is equal to a given line W. 


1. Draw the line AE to any length 
greater than the given line W, and from rr. UUp 
A set off the length of the line W to D. a 
2. From D as a centre, and AD as a 
radius, describe the arc P. 3. From A 
as a centre, and the same extent as a 
radius, describe the arc r, intersecting 
the former at B; and with the same 
extent as a radius, and B as a centre, 4 D B 
intersect the first arc in 8. 4. Draw the lines AB, BS, and SD, and the 
rhombus will be completed. 








Pros. XIX. 


To construct a rhomboid, the longest side of which shall be equal to the 
line A, and shortest side equal to the hue Z. 
1. Draw the line CD equal to A; then take pice eco. » ee 


the length Z in the compasecs, and (if there ae 
be no limitation to the angle) set it from 7 =~: 


the point C to the point E. 2. With the ; / 
extent of the line A as a radius, and the J ‘ 
point E asa centre, describe thearcg; then @--- ——— ~ gp 


take the line Z again as a radius, and the pot D as a centre, and intersect the 
arcinI. 3. Draw the lines CE, EI, and DI, and the rhomboid CEID will be 
completed. 


Pros. XX. 


To draw a tangent toa gicen circle, that shall pass through a geen 
pont A in the cirele. 

| coe 

1. Draw the radius AO, and at the end of it A, erect a 


perpendicular, AC. 2. Produce the perpendicular to D, 
and CD will be the tangent required. 


i 
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When the given point A is without the circle. 


1, Draw the line AB from the given point to the 
centre of the circle B, and bisect AB in the point C 
2. With the radius CB or CA, and from C as a 
centre, describe the semicircle ADB, cutting the given 
circle in D; then draw AD, which will be the 
tangent required. 


a 
bal 





Pros. XXI. 
To find the centre of a given circle 
D 
Draw the chord AB; bisect it at right angles with 
the line CD. Bisect CD, and it will give the centre O, o 
as required. “ eee 
Se 
ty 
Pros. XXII. 
Lo describe the circumference of a circle through three given points, 
A, B, and C. 
1. Draw any two right lines, AB and BC, joining in I B ao 


= 
“sy 


the assumed pomt B. 2. Bisect these two lines with 
two others drawn at right angles to them, and produce 
them till they mect in the point D. 3. With the radius a 
DB, DC, or DA, and from Das a centre, describe a 
circle, which will pass through the points required. 





Pros. XXITI. 

To find a third proportional to tio given right lines, AB and FC. 

At either extremity of the given line AB, » 
draw AE, making any angle with it, take 
AG equal to the other given line FC, and , ‘. 
join BG. Produce AB and make BD equal ®\ \n ¥ 
to FC, and through D, draw DE parallel to | Z 
BG, and EG will be the third proportional =, / 
to AB and FC, as required; thet is, AB : FC / 
2: FC: GE. A. 





‘ A 





Cc 
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Pros. XXIV. 


To find a fourth proportional to three given kines, F, E, and G. 
Draw two lines AD and Al, making any ,, = 
angle; make AB and BD equal to the given 
lines F and E, and AC equal to the line G; B I 
join BC, and through D, draw DI parallel to o 
BC, and the line CI will be the fourth pro- 
portional to F, E, and G: therefore F : E 
7:G:CL 


Pros. XXV. 
To find a mean proportional between two given right lines, KE and F. 


Draw any right line AC, and make AB equal to the 
line E, and BC equal to the line F; bisect AC in D; ee Lee 
then from the centre D with the radius DA describe Gene 
the semicircle AIC, and from B erect BI perpendicular 
to AC, meeting the circumference in I: BI will be the 
mean proportional between E and F. 


CHAPTER IV. 


LOGARITHMES. 


DEFINITION AND PROPERTIES OF LOGARITHMS. , 


Locarirams are artificial numbers, so related to each other and 
to the natural numbers, that the sum of any two Logarithms is the 
Logarithm of the product of their two natural numbers; and the 
difference of any two Logarithms is the Logarithm of the quotient 
of their two natural numbers. 

If to a series of numbers in Geometrical Progression, whose 
common ratio is 10, and first term 1, we annex another series of 
numbers in Arithmetical Progression, whose first term is 0, and 
common difference 1, these latter numbers will be the Logarithms 
of the former, thus :— 


Numbers. Logarithms. 
A; seas pee nescnt efessaw ane 0.00000 
TD! omeunneutran seen auamsnees 1.00000 
M00 ce ctivaveiccnteasuaceeweasenau 2.00000 
NOOO: sce edniesdt tewactnnesteseunes 3.00000 
MOOG! wits ciuecviesunseseineeaeaeeua bs 4.00000 ete. 


Since the Logarithm of 1 is 0, and the Logarithm of 10 is 1, the 
Logarithms of numbers between 1 and 10 will be greater than 0, 
and less than 1, that is, they may be expressed by decimal fractions 
having a significant figure in the first decimal place. As the 
Logarithm of 10 is 1, and the Logarithm of 100 is 2, the Loga- 
rithms of numbers between 10 and 100, will be greater than 1 and 
leas than 2; or they will be mixed numbers, having 1 in the place 
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of Integers, and the rest decimal fractions. In the same manner 
the Logarithms of all numbers between 100 and 1000, will have 
2 in the place of Integers, and so on. 

The integral part of a Logarithm is called its index, and this 
index is always a unit less than the number of figures in the 
Integer number, whose Logarithm it is. Thus: the index of 
the Logarithm of a number consisting of one figure, is 0, of two 
figures is 1, of three figures 2, &c. 

The index of a Logarithm shows how many Integer figures the 
corresponding number consists of, being always one figure more 
than there are units in the index of the Logarithm. 

The index of the Logarithm of a decimal fraction is negative, 
thus: the index of .684 is — 1, the index of .0684 is — 2, and 
of .00684 is — 3 and so on. 


To find the Logarithm of any number lesr than 1000. 
Rutx. Seek in any Table of Logarithms for the given number, 
in the left hand column, opposite to which is the Logarithm sought 
with its proper index : 


EXAMPLES. 
The Logarithm of 78 i» ee - . . 18920816 
a » OOF 5. ; - » « 20611014 
- » 987 - a . . 20043172 


Lo find the Logarithm of any number more than 1000. 


Rezez. Find the Logarithm of the first three figures, take the 
difference between this and the next Logarithm, which multiply 
by the remaining figures of the given number, add this product 
to the Logarithm first found, and the sum, prefixing the proper 
index, will be the Logarithm sought : 


Ex aMrrys. 
Required the Logarithm of 1746. 
The Logarithm of 178is. . 2. 2. 2... we te 2504200 
The difference between this and the Logarithm of 179 is 2433, 
which multiplied by 6, the remaining figure, gives . 2. . 34596 


Logarithm of 1748 = 3.2514708 
ee ee ee less than the samber of figures in the 
nteger. 
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Required the Logarithm of 84670. 
The Logarithm of 846 is 
The difference between this and the Logarithm of 847 is 62, 
which multiplied by 70, the remaining figures, gives . . . 3640 
Logarithm of 84670 = 4.9977344 
The index becomes 4, being 1 less than the number of figures in the Integer. 
To find the Logarithm of a Fraction. 
Rute. Reduce the Fraction to a decimal, and find the Loga- 
rithm of that decimal, prefixing the proper index. 


EXAMPLES. 
The Logarithm of 4 or .80 is — 1.9030900 
s » $ or 875 4, — 1.5740318 
” » dy or .025 ,, — 2.3979400 


Or—Subtract the Logarithm of the denominator from the Logarithm of the 
numerator and the remainder will be the Logarithm of the fraction sought. 


Required the ci pe of 
From Logarithm of 3. . . . . « 2 2 | - Pi aen ges 0.4771213 


Subtract Loganthmof 16... . 1... . ewes . 1.2041200 


Logarithm of », or .1875= 1.2730013 


To find the natural number ansivering to any given Logarithm. 
Ruiz. Seck in the tables for the given Logarithm, and if it be 


exactly found, the natural number corresponding to it will stand 
in the left hand column. 


EXAMPLES. 

The natural number corresponding to the Loga- a: ; ; a 
Tithmof 2. 66 6 6 8 ee te wt ew 25301997 , . . . 389 

If the Togarithm is not found exactly in the tables, take the 
difference of the next greater and the next less Logarithms, and 
say: Ags this difference is to 1, so is the difference between the 
given Logarithm and the next lesser Logarithm, to a fourth 
number, which being added to the natural number of the less 
Logarithm, will give the natural number required. 


EXAMPLE. 
To find the natural number corresponding to the Logarithm of 2.8764321. 
The Logarithm of the next lees is 2.8762178 eee aim +3 5772 
” " » greater ,, 2.8767950 


Given Logarithm is 2.8764321 . . . ..... 4. 
Next less Logarithm is 2.8762178 . . ......°: 

Then as 5772 : 1: : 2143 : .87 which added to 752, the natural number 
corresponding with the next less Logarithm, gives 752.37 the natural number 
required. 


LOGARITHMIC ARITHMETIC. 
MULTIPLICATION BY LOGARITHMS. 
Rutz. Add the Logarithm of the multiplier to the Logarithm 
of the multiplicand, and the sum will be the Logarithm of the 


product required. 


EXAMPLES. 
Multiply 384 by 462 

The Logarithm of 384is. . . 2. 2. 2 2 2 ee ew ew 2.5843312 
99 93 462 99 e ef 8 8®  @  @®  @  @  @  @  @  « e e 2.6646420 
Product 177408 answering to, . . 2. . - 2 2 2 ew ee 5.2489732 

Multiply 48.64 by 394,63 
The Logarithm of 48.64is . 2. 2. 2. 2/2 2 ee ees 1.6869936 
” “ SOGGS ig eso ge Se Se, Sy Woe, Sc es 2.5961901 
Product 19194.80 answering to, . . 2. 2. 2 1 2 2 eo 4.2831837 

Multiply 46.75 by .3275 
The Logarithm of 46.75is . 2. 1. 2 1 1 ee ee tw 1.6697816 
9 99 8275 9 © © e@© @® ee © @ 8 8 8 © © — ].6152113 
Product 15.31 answering to,. . . . 2. 2. + © ew we 1.1849929 


In this last Example the + 1 that is to be carried from the 
decimals, cancels the — 1, and there remains + 1, in the upper 
line to be set down. 

Nore. Whatever is carried from the decimal part of the Logarithm is to be added 
to the affirmative indices, but subtracted from the negative. Likewise the indices must 
be added together when they are all of the same kind, that is, when they aro all 
affirmative or negative; but when they are of different kinds, the difference must be 
found, which will be of the same denomination with the greater. 

Drvision By LoGARIrHMs. 

Ruiz. From the Logarithm of the dividend, subtract the 

Logarithm of the divisor, and the remainder will be the Loga- 


rithm of the quotient. 


EXAMPLES. 

Divide 28643 by 4896. 
The Logarithm of 28648 is. . 2... 1... eu, 4.4570185 
” ” 4896, .. fis SG ee a 3.6898414 
Quotient 5.8508 answering to . . . . . . + + ee oe 0.7671771 

Divide 28.643 by 48.96. 
The Logarithm of 28,643 is. . 2. 1. 1 2 ee ee we 1.4570185 
. se ABOO GG. be dk, A Be ee 1.6898414 
Quotient .58503 answering to . . . .. - 2 eee 7671771 


Tae Rute or Taree sy Locarirums. 
Ruiz. Add the Logarithms of the second and third terms 
together, and from the sum subtract the Logarithm of the first 
term, the remainder will be the Logarithm of the fourth term. 


EXAMPLE. 
If 89 maunds of Rice cost 254 Rupees, what will 568 maunds cost ? 
The Logarithm of 254is. . . . .. 2... » « « 24048337 
” 1” DOS yy) nn ee OS SSS 2.7543483 
5.1591820 
” BOR. ae ea a 1,9493900 
Quotient 1621 Rs. nearly, answering to. .  .. - . . 8,2097920 


InvoLvrion, oR Rarstnc 4 Power, By LoGaRrrams. - 
Rorz. Multiply the Logarithm of the root, by the index of the 
power, and the product will be the Logarithm of the required. power. 
EXAMPLES 


Required the square of 25. 
The Logarithm of 2538 . 2. 2. 2. 2. 2 we ew ew we 1.3979400 
Multiplied by the index . . . 2. 2. 1 6 es ee ew 2 
Square 625, answering to . . 2. 2. 1 2 2 ee eee 2.7958800 
Required the 865th power of 1.0045. 
The Logarithm of 1.0045is. . . 1... ee. ee ee 0.0019499 
Multiplied by theindex . . . . 1. 2 © 2 es we ee 365 
97495 
116994 
58497 


Power 5.148888, answering to. . . - - + + e+ e+ ss 0.7117135 
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Evotvrion, on Exrracrine Roots, sy Locarrrams. 
Rurz. Divide the Logarithm of the power by its index, and the 
quotient will be the Logarithm of the root required. 
EXAMPLES. 
Let it be required to extract the square root, the cube root, and the bi- 
quadrate root of 19. 


The Logarithm of 19 is 1.2787536. 
2 )1.2787536 
0,6393768 — Logarithm of 4.359 for the square root. 
3)1.2787536 
0.4262512= Sy, » 2 668 for the cube root. 
4)1.2787536 
0.3196884 = __—,, », 2,088 for the biquadrate root. 


Locariramic Sines, TANGENTS, ETC. 


If the radius be supposed any number of equal parts as 10 or 
100, etc., the sine, tangent, etc., of every arc, must consist of some 
number of those equal parts, and by computing them in parts of 
the radius, we obtain tables of sines, tangents, etc., to every arc of 
the quadrant, called natural sines, tangents, etc., and the Logarithms 
of these, give the Logarithmic sines, tangents, etc., which are usually 
found in all mathematical tables containing Logarithms. 

These Tables of Logarithmic sines, tangents, etc., are carried 
out to 90 degrees or a Quadrant, (for the sine, tangent, etc., of any 
arc, has the same value as the sine, tangent, etc., of the supplement 
of that arc; so that, when an arc is greater than 90 degrees, sub- 
tract it from 180 degrees, and take the sine, tangent, etc., of the 
remainder, for that of the arc given) the degrees from 0 to 45° 
being generally printed at the top of each page in the table, and 
the minutes descending from the top to the bottom of the page, 
in the ft hand column ; and from 45 to 90° the degrees are found 
at the bottom of the page and the minutes ascending in the right 
hand column. 


EXAMPLES. 
The Logarithmic Sine of 35° 31'is . ...... 9.7641311 
99 Co-Tangent Ok 28 we UE SO we 9.8551372 


” Secant , 40° 53',, . . ~ « « » 10.1214580 
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Should the arc consist of any parts of a minute, intermediate 
to those found in the table, take the difference between the tabular 
sine, tangent, etc. of the given degrees and minutes and of the 
minute next greater, then say,: 1 minute or 60 seconds : the 
given intermediate part >: the whole difference: the proportional 
part required. 


EXAMPLE. 
Required the Logarithmic Tangent of 21° 38’ 24” 
The Tangent of 21° 38'is . . . . 9.5983540 ; 
» om vw 21°39". se. 9,8987205 | Dloremee ts 3685 


« Then as 60" : 24 :: 3685 ; 1474, which added to the Logarithmic tangent of 
21° 38', viz., 9.6983540 gives 9.5985014 as the Logarithmic tangent of 
21° 38’ 24”. 


To find the are corresponding to a given Logarithmic sine, tangent, &c. 

Take the difference between the next less and greater tabular 
Logarithm, then say, : this difference: 1’ or 60” :: the differ- 
ence between the given Logarithm and. the next less : the propor- 
tional part required. 

EXAMPLE. 

Required the are corresponding to the Logarithmic Sine 9,7453892. 
The next less Logarithm, viz., 33° 4’ is. . . 97458056 
The next greater Logarithm, viz., 38° 49’ is . 9.7454943 


The given Logarithmis . . . . . heel 
The next less Logarithm is. . . . 9.7458056 Difference is 836. 


Then : 1887 : 60” :: 836 : 26”, which added to 33° 48’ gives 33° 48’ 26” as 
the are required. 


| Difference is 1887. 
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CHAPTER V. 


TRIGONOMETRY. 


PLANE TRIGONOMETRY. 


Tre word Trigonometry signifies the measuring of triangles; but 
under this name is generally comprehended the art of determining 
the positions and dimensions of the several unknown parts of 
extension, by means of some parts which are already known. If 
we conceive the different points which may be represented in any 
space to be joined together by right lines, there are three things 
offered for our consideration :— 

Ist. The /ength of these lines. 

2nd. The angles which they form with one another. 

8rd. The angles formed by the planes in which these lines are 
drawn, or are supposed to be traced. 

On the comparison of these three objects depends the solution 
of all questions that can be proposed concerning the measure of 
extension and its parts, and the act of determining all these 
things from the knowledge of some of them, is reduced to the 
solution of this general question, viz: knowing three of the six 
parts, the sides and angles, which constitute a rectilineal triangle, 
to find the other three. 

Plane Trigonometry is the art of measuring and computing the 
sides and angles of plane triangles. 

There are three methods of resolving triangles, viz : Geometrical 
Construction, Arithmetical Computation, and Instrumental Opera- 
tion; of which the first two will here be treated. 

[PART 1. 
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In the First Method. The triangle is constructed, by making 
the parts of the given magnitudes, viz: the sides from a ecale of 
equal parts, and the angles from a scale of chords, or by some 
other instrument. Then measuring the unknown parts by the 
same scales or instruments, the solution will be obtained near the 
truth. 

In the Second Method. Having stated the terms of the pro- 
portion according to the proper rule or theorem, in working with 
the natural numbers, resolve it like any other proportion, in which 
a fourth term is to be found from three given terms, by multi- 

- plying the second and third together, and dividing the product by 
the first ; or, in working with the Logarithms, add the Logarithms 
‘of the second and third terms together, and from the sum take the 
Logarithm of the first term ; then the natural number answering 
to the remainder is the fourth term sought. 

Every triangle has six parts, viz., three sides and three angles, and 
in every triangle proposed, there must be given three of these parts, 
to find the other three ; also, of the three parts that are given, one of 
them at least must be a side; because, with the same angles, the 
sides may be greater or less in any proportion. 


GENERAL PROPERTIES OF PianE TRIANGLES. 

1. If any three parts of a plane triangle be given (one part 
being a side), any required part may be found by construction and 
calculation. 

2. If two angles of a plane triangle are known, the third angle 
is found by subtracting their sum from 180°. 

3. In a right-angled plane triangle, if either acute angle be 
taken from 90°, the remainder will express the other acute angle. 

4. The sum of the three angles is equal to two right angles. 

5. The greater side is opposite the greater angle, and the less 
side to the less angle. 

6. The sum of any two sides is greater than the third, and the 
difference of any two sides is less than the third. 

7. The triangle is equilateral, isoscelar, or scalene, according as 
it has its three angles all equal, or two of them equal, or all three 
unequal, and rice rersd. 
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8. The angles opposite the two least sides are acute. 

9. The obtuse angle, if there is one, (for there cannot be more), 
must be opposite the greatest side. 

10. Of the two segments intercepted between the perpendicular 
to the base, and the two angles at the base, the greatest segment 
lies next to the greatest side, and the least segment next to the 
least side. 

11. The greatest angle at the base lies next the least side and 
least segment,-and the least angle at the base, lies next the greatest 
side and greatest segment. 


Thete are four cases in Plane Trigonometry, which are com- 
priged in the following :— 
“ Case Ist. Having the angles and one side, to find either of the 
other sides. 

CasE 2nd. Having two sides, and an angle opposite to one of 
them, to find the other two angles and the third side. 

Casg 8rd. Having two sides, and the angle between them, to 
find the other two angles and the third side. 

Case 4th. Having the three sides, to find any angle. 

Before we proceed to the solution of these four Cases, it is neces- 
sary to premise the following Theorems. 


Tueo. J. 


In any plane triangle ABC, the sides are proportional to the sines of 
their opposite angles ; that t8, the sine of C . AB +: the Sine of A: 
BC, and the Sme of C: AB** the Sine of B: AC; also, the 
Sine of B. AC 3: the Sme of A: BC. 

(By Theo. 10. Chap. IT.) the half of each side is c 

the sine of its opposite angle; but the sincs of those Is 

angles, in tabular parts, are proportional to the sincs 

of the same in any other measure ; and therefore the vs 

sines of the angles will be as the halves of their 

opposite sides: and sinec the halves are as the 

wholes, it follows, that the sines of the angles areas 

oo that is tho sine of C: AB :: the Sine of A: BC, &e. 


[Par 1. 
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Tueo. II. 

In any plane triangle ABC, the sum of the two giwen sides AB and 
BO, including a given angle ABC, is to their difference, as the tan- 
gent of half the sum of the two unknown angles A and C is to the 
tangent of half their difference. ~ - i 
Produce AB, make HB = BC, and join Sek 24 

HC. Let fall the perpendicular BE, and 

that will bisect the angle HBC (by Theo. B 

9. Chap. II.), through B draw BD parallel \ 

to AC, make HF = DC, and join BF; 

take BI — BA, and draw IG parallel to BD, or AC. Gc 
It is then plain that AH will be the sum, and HI the difference of the sides 

AB and BC; and since HB = BC, and BE is perpendicular to HC, therefore 

HE = EC (by Theo. 8. Chap. II.); and since BA = BI, and BD and IG are 

parallel to AC, therefore GD — DC = FH, and consequently HG = FD, and 

3 HG = 3 FD or ED. 

Again, EBC, being half of HBC, will be also half the sam of the angles A 
and C (by Theo. 4. Chap. II.) ; also, since HB, HF, and the included angle H, 
are severally equal to BC, CD, and the included angle BCD, therefore (by Theo. 
6, Chap. II.), HBF = DBC = BCA (by Part 2. Theo. 3. Chap. I.), and since 
HBD = A (by Part 3. Theo. 3. Chap. II.), and HBF = BCA, therefore FBD 
is the difference, and EBD half the difference of the angles A and C: then, 
making BE the radius, it is plain that EC will be the tangent of half the sum, 
and ED the tangent of half the difference of the two unknown angles A and 
C: now, 1G being parallel to AC, AH : IH :: CH : GH (by Cor. 1. Theo, 19. 
Chap. II.) But the wholes are as their halves, or AH : IH :: CE: ED, that 
is, as the sum of the two sides AB and BC is to their difference, so is the 


tangent of half the sum of the two unknown angles A and C, to the tangent of 
half their difference. Q. E. D. 





Turo. III. 

In any plane triangle ABD, the base AD will be to the sum of the other 
sides, AB, BD, as the difference of those sides is to the difference of 
the segments of the base, made by the perpendicular BE, vis., the 
difference between AE and ED. 

Produce BD, till BG = AB the lesser side; ~~ 

and from B as a centre, with the distance BG of 

or BA, describe a circle AGHF which will cut 

BD and AD in the points H and F. Then it 

is plain, that GD will be the sum, and HD the 

difference of the sides AB and BD ; also since 

AE = EF (by Theo. 8. Chap. IT.), therefore 

FD is the difference of AE and ED, the seg- 
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ments of the base. But (by Theo. 16. Chap. II.) AD : GD :: HD : FD; that 
is, the base is to the sum of the other sides, as the difference of those sides is to 
the difference of the segments of the base. Q. E. D. 


Tro. IV. 


Tf to half the sum of two quantities be added half their difference, the 
sum will be the greatest of them; and sf from half the sum be sub- 
tracted half their difference, the remainder will be the least of them. 
Let the two quantities be represented by .o = 

AB and BC haa one continued line); DEB c 

whereof AB is the greatest, and BC the least; bisect the whole line AC in E, 

and make AD = BC; then it is plain, that AC is the sum, and BD the difference 

of the two quantities; and AE or EC their half sum, and DE or EB their half 
difference. Nowif to AE we add EB, we shall have AB the greatest quantity; 

and if from EC we take EB, we shall have BC the least quantity. Q. E. D. 
Cor. If from the greatest of two quantities we take half the difference of 

them, the remainder will be half their sum, or if to half their difference be 

added the least quantity, their sum will be half the sum of the two quantities. 


SoLuTIoNs OF THE Cases rv PLang TRIGONOMETRY. 


Case Ist. Having the angles and one side, to find etther of the other 
sides. 

Ruiz. As the sine of the angle opposite to the given side is to 
the given side, so is the sine of the angle opposite the required side 
to the required side. 

In the triangle ABC, there is giren the angle A 46° 30', AB 230, and 
the angle-B 37° 30 to find AC and BC. 


GEOMETRICALLY. 


Draw a blank line, upon which set off AB 230 
from a scale of equal parts; at the point A of the 
line AB, make an angle of 46° 30’ by a blank 
line; and at the point B of the linc AB, make an 
angle of 37° 30’ by another blank line ; the inter- 
section of these lines gives the point C, making 
the triangle ABC. Measure AC and BC from the 
same scale of equal parts that AB was taken, and A nae > 
we have the answer required. 





41 


By Catcunarion. 


(By Cor. 1. Theo. 5. Cha. II.) 180°—the sum of the angles A and B — C. 
Or 180°—(46° 80’ -+- 87° 80°) = 96° 00’ = C 





Then: 

Asthe SineofC ...... or 96°00° ...... 9.9976143 

:AB Ow. wee, mw 280 «..eees 2.3617278 

se the Sine of A o e e e ee © gy 46° 30’ s « 8 © «6 @ 9.8605622 
12.2222900 

BUG se, <a ee a ee ee ~ 167.76 answering to  2,2246757 

m AGAIN. 

Asthe SineofC ..... Ps 96° 00° . . . we 9.9976143 

:-AB. . .... a en Se rs 2.3617278 

::theSinoofB . 1... . » IPB... . 2.7844471 
12.1461749 

PAO “a. ai. bse ea 4 - » » 140.78 answering to 21485606 





Cask 2nd. Having two sides and an angle opposite to one of them, to 
Jind the other two angles and the third sde. 


Ruiz. As the side opposite the given angle is to the Sine of 
that angle, so is the side opposite the required angle to the Sine of 
that angle. 


In the triangle ABC, there is giien AB 240, the angle A 46° 30, 
and BC 200; to find the angle C being acute, the angle B and the 
side AC. 

GEOWETRICALLY. . 


Draw a blank line, on which set off AB 240 Cc. 
from a scale of equal parts; at the point A of the a 


line AB, make an angle of 46° 30’ by a blank 
line; with BC 200 from the same scale of equal 
parts that AB was taken, and one leg of the com- 
passes in B describe the Arc DC to cut the last 
diank line in the points D and C. Now if the eae 
angle C had been required obtuse, lines fromDtoB A 220 B 
and to A, would constitute the triangle; but as it is 1equned acute, draw 
the lines from C to B and to A, and the triangle ABC is constructed. 
From a line of chords let the angles B and C be measured, and AC from the 
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same scale of equal parts that AB and BC were taken ; and we have the answer 
required, 


ASBC?. 68 6 a SH WS or 200 ..- sss 2.3010800 
theSineofA ...... » 46°30' ..... . 9.8605622 
AB: gst os Ca) ae en » 240 «. «© - © « « 2.3802112 
12.2407734 
:the SineofC . . . ee G0°-SY -:5..4-4 2a. 4% 9.9397434 
Then 180—the sum of the angles A and C, gives the angle B. 
Or 180°—(46° 30’ +- 60° 31’) = 72° 59’ = B. ’ 
AGAIN 
AstheSineofA ..... or 46°30" . . ... ¢ 9.8605622 
BBO! er ee, eH a oe @ 2000 wee eas 2.3010300 
::theSimoofB . . . ... |e a re ee 9.9805577 
12.2815877 
PAC 6) ee tet ah aw i es » 268.65 . . .... 2.4210253 


Case 8rd. Having two sides, and the angle between them, to find the 
other two angles and the third side. 


Ruiz. As the sum of the two given sides is to their difference, 
so is the Tangent of half the sum of the unknown angles to the 
Tangent of half their difference. Half the difference thus found 
added. to half their sum, gives the greater of the two angles, and 
deducted, leaves the lesser. The third side is found by Case lst. 


In the triangle ABC, there is given AB 240, the angle A 36° 40’, and 
AC 180; to find the angles C and B, and the side BC. 


GEOMETRICALLY. 


Draw a blank line, on which, from a scale of 
equal parts, lay off AB 240; at the point A of the 
line AB, make an angle of 36° 40’ by a blank 
line, on which from A, lay off AC 180 from the 
same scale of equal parts; measure the angles C 
and B, and the side BC, as before, and we have 
the answer required. 
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By Catcunation. 
The sum of the two given sides,or . . . . . . . . 240-+4+180= 420 
The difference ” Oe bbe <i George oe a, - 2440—180= 60 
180° — 36° 40’ or angle A = 143° 20’ or sum of unknown angles B and C, 
the half sum of which is 71° 40’ 
Then : 
As AB+ ACor420 . 2... 1 1 ee ew ew ee o ~ 2,6282498 


:AB—ACor60 .......-4 © © we ew ee ww 1.7781513 
:: Tangent of 17°40" . 2 1 1 1 1 ww ew we te © «6104796948 
12.2578461 


: Tangent of 23°20 .. =... =. . amsweringto . . . 9.6345968 
Then 71° 40’ + 23° 20’ — 98° 00’ = C 
And 71° 40’ — 23° 20’ = 48° 20’ — B 

The third side BC is found by Case 1st. thus: 
As Sine of B : AC :: Sine of A: BC. 


If the angle included be a right angle, add the Radius to the Logarithm of 
the less side, and from the sum subtract the Logarithm of the greater side; the 
remainder or sum, will be the Tangent of the angle opposite to the less side. 


In the right-angled triangle ABC there is given 
AB 240, BC 180, and the angle B 90° to 
Jind the angles A and C and the side AC. 


Then, 
To the Logarithm of less side or 180 . . . . . . «© 1 « « © 2.2852725 
Add Radius 2. 1 1 1 ew ww ew we ew ww we @ 10,0000000 


12.2552725 
And deduct the Logarithm of greater sideor 240... . - . 28802112 


Tangent of A= 36°52" . . . . . . answeringto . . . 9.8750613 


Then 180° —(90° 00’ -} 86° 52’) = 53° 08’ = C 
And As Sine of C: AB :: Sine of B : AC. 


Ce 


Case 4th. Haring the three sides, to find any angle. 


Roxx. As the longest side or base is to the sum of the other 
two sides, so is the difference of those sides to the difference of the 
segments of the base, formed by a perpendicular let fall from its 
opposite angle. Half the difference of the segments thus found, 
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added to half the base gives the greater segment, and subtracted 
leaves the lesser—whence we have two right-angled triangles with 
two sides given, to find the other two angles and the third side, by 
Cases Ist. and 2nd. 


In the triangle ABC, there is given AB 64, AC 47, BC 34: to find 
the angles A, B, and C. 


GEOMETRICALLY. 


Draw e blank line, on which, from a scale of 
equal parts, lay off AB 64, from A, with the line 
AC 47, describe an arc, and from B, with the line 
BC 34, describe another arc, to the intersection 
point at C draw AC and BC, and ABC is the 
triangle required. 





By CAatcuLatIon. 


From the point ©, let fall the perpendicular CD, on the base AB; it will 
divide the triangle into two right-angled ones ADC and CBD, as well as the 
base AB into the two segments AD and DB, 

The longest side or base AB = 64. 
The sum of the other two sides, or AC +- BC = 47 +- 34 = 81 


Then: 

a ANN GE acces eh cae fon at das oh dk Gas ce WK 18061800 

:AC4BCGor81 .... eee ee . . . 1,9084850 

rar AC — BC, or 13 e 8 e ses ses es @ e@# @# @ 8 ee # ee @ «4 1.113434 
3.0224284 

:AD—DB,orl646 ....4... answering to . . . 1,2162484 


The half difference or 8.23 added to the half base or 32 = 40.23 or greater 
segment, and deducted = 23.77 or lesser segment. 

Having now two right-angled triangles, ADC and CBI), with two sides given 
in each, the remaining angles and side are easily found by Cases ist. and 2nd. 


HEIGHTS AND DISTANCES. 


Having given the solutions of the four cases in Plane Trigono- 
metry, we will proceed to apply the same, by a few examples, in 
determining the heights and distances of inaccessible objects. 
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Examrte 1. 


What is the height of a Musjid, the distance of which was 384.40 yards from 
where I stood, and the angle of elevation to the top 3° 42’ ? 

We have here given the angle A = 90°. 

The angle B = 3° 42’, and the side BA= 
$84.40 yards. 

The angle C = (90° — B) = 86° 18’. 





By Case Isr. 
As Sine of C or 86° 18’ 


: 9.999003 

:BAor88440.....-502 +208 2.584783 

es Sine OF: se: ce ac 55 SS 0 a eH SS we A 8.809777 

11.394560 

; AC or 24.90 yards, the height required  1,895467 
EXAMPLE 2. 


Being desirous of knowing the height of a Steeple, CD, which could not be 
approached nearer than B; the angle of altitude DBC was found to be 55°; 
having measured a line from B to A of 87 feet, the angle of altitude CAB was 
found to be 37°; Required its height ? 


From DBC = 55° 00’ 
Take CAB = 37° 00’ 


Angle ACB = 18° 00’ ‘ 
cs 6 





As Sine angle ACB or 18° 00° . . . . . 





eee ee  9,4899824 
:ABor87? 2... ee So bees .  1.9995198 
:: Sine angle CAB or 37° 00’ bad thie aa . 2. 9.7794630 

11.7189828 
:BCor 16643... .... . . answeringto. . . 22290004 
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As Radias 90° or Sine ofangle BDC .....-+ ++: > 10.0000000 
:BCor16948 . 2. 2 6 1 ts ee te ew te tt 2.2290004 
::Bine angle CBDor 65°00" 2. 1. ee ee . 9.9188645 

12,9423649 
: DC or 188.80 feet, the height required cay ee . « 21423649 


Example 3. 
The breadth of the River Ganges at Benares being required, a base line AB 
was measured on one side of 43 Chs. 62 Lks., and the angles subtended by a 
tree on the opposite edge at each end of the base were, at A 82° 48’, and at B 


83° 46’ What is the breadth P 
™ me 


We have here given the angle A 
82° 48, the angle B = 33° 46’, conse- 
quently the angle C = 180° — (82° 48’ 
-}+- 33° 46’) = 63° 26’ and the side AB 
= 43.62, 





By Case Isr. 
As sine of C or 63° 26’ 9.951538 
: AB or 43.62 . ..... : se 6 ew ew we ew hele) 61,689685 
::Sineof Bor33°46" ... #. . «es o 2 2 « so «© )©6©9.744928 
11.384613 
: AC or 27 Chs. 11 Lks., the breadth required 1.433075 
EXAMPLE 4. 


Required the distance of the Fort Flag- 
staff at Allahabad from two given points 
A and B on each side of the Ganges; to 
obtain which I measured a base BC = 54.32 
Chs., the angles subtended with the point 
A at each end of the base were ABC 120° 
44’ and BCA 24° 16’, also the angles sub- 
tended with the Fort Flagstaff at each end 
of the base were CBD 15° 42’ and BCD 
117° 81’. What are the respective dis- 
tances ? 
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In the Triangle BCD, the angle CDB = 180° — (BCD + CBD) —46° 47, 


Then, 
By Case Isr. 
As Sine of CDB or 46° 47’ . 


: BC or 64.32 ... We i ec See 
+t Sine of BCD or 117° 81’ Be ee el By 


: BD or 66,11 Chs., the distance required . 
Again. 

By Case Isr. 
As Sine of CAB or 35° 00’ . 


*: BC or 54.32 — i ae 
:: Sine of BCA or 24° 16’ . 


: BA or 38.92 Chs., the distance required . 


By Case 3np, 
BD + AB = 


105.03 and BD — AB = 27.19. 


CBA, the angle CAB = 180° — (ABC + BCA) = 85° 00’, 
ABD the angle DBA = ABC — DBC = 105° 02. 


9.862590 


1.734959 
9.947863 


11.682822 





- 1.820232 


9.758591 


1.734959 
9.613825 


11.348784 


- 1.590193 


Also 180° — ADB or 105° 02’ = 74° 58’ or sum of unknown angles, the half 


sum of which is 37’ 29’. 
Then, 
As BD +. AB or 105.03 


- BD — AB or 27.19 . 
:: Tangent of 37° 39° . 


: Tangent of 11° 13’ Pad iar te. Meo Me 


37° 29 +- 11° 13’ = 48° 42’ or angle DAB 
37° 29 — 11° 13’ = 26° 16’ or angle ADB 


Lastly, 
By Case Isr. 
As Sine of BDA or 26°16’ . . . . x 4 


ae be oc He 
: Sine of ABD or 105° 02’ 


AD or 84.94 Cha., the distance required . 
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2.021313 


. 1.434409 


9.884718 
11,319127 
9.297814 


9.645961 


1.590193 
9.984876 


11.575069 
1.929108 











48 


Examrrts 5. ° 


The angle subtended from a point C between two objects at A and B, exactly 
23 Chs. 42 Lks. apart, being 31° 47’, what are the angles at A and B, the dis- 
tance from C to B being 35 Chs. 64 Lks. ? 


By Oase 2np. 


As AB or 23.42 3 . 2. 1 1 ee ww tw ew ww - « « « 1,869586 
: the Sine of C or 81°47". « «2 we ee ee - » « 9.721570 
¢:OBor 35.64 . . 2. 6 ee ew ee ee » « 6 « 1,661937 

11.273507 
:the SineofAor 53°17 . ...... ~ se «= « © 9,908921 


Then 180° — (31° 47’ +- 58° 17’) = 94° 56’ or angle B. 


Exampre 6, : 

Required the angle contained between the two cocoanut trees on the Taj at 

Agra, the distance between them being supposed 53 feet, and the distance of 
each tree from where I stood at C was A 1388 feet, and B 1353 feet P 


In this Example we have, 
AC = 1888 feet 
BC = 1353 ,, 
AB= 58 ,, 


Let fall the perpendicular BD on the base or 
longest side AC— 





By Case Srp. 


Then, 

AsAC... 0... eae or 1888 feet . . 8.142889 

:AB+BC......., 146, ....... 8147985 

::AB—BC....... » 1900 » se eee. 8.113948 
6.261928 

:DO—AD......., 1817 » 3.119539 

Thea + “=! = OD or 1952.50 feet 

ang 18881817 _ an, 35.50 
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Again, 
By Case 2np. 
As BC or 1358 feet... 1. 1 ee ew ew th ee - 9.131297 
: Radius or Sine of BDC=90° . .....2..-. - « 10.000000 
:: DC or 1852.50 feet. . . ... gw a we ee ee cee SBIR 
13 131137 
¢ DBC or 88°27" . . 2. 1 1 ww ew we tw ww wl wl lw ee) «696999840 


180° — (90° -+- 88° 27’) = 1° 33’ or DCB, the angle between the two cocoanut 
trees. i 

If it is required to find the angles A and B of the triangle ABC, the angle 
ABD can be found in the same manner as DBC when ABD + DBC = ABC, 
and 180° — (ABC + ACB) = BAC. 
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MENSURATION OF PLANES. 


DEFINITIONS. 


Anza, means the superficial content of any plane Geometrical 
figure, estimated by the squares of some known lineal measure, as 
inches, links, chains, &c., which in surveying are converted into 
square perches, roods, and acres. 

The English statute acre contains 4840 square yards, subdivided 
into roods and perches, of which 40 perches make one rood, and 4 
roods make one acre. The pérch is 163 feet, giving 272} square 
feet, or 80} square yards, which, multiplied by 40, gives 1210 
square yards in one rood, and again multiplied by 4, gives 4840- 
square yards in the acre. 

The best method of taking the length and breadth of figures for 
ascertaining areas, is in chains and links, and Gunter’s chain, in 
general use with Surveyors, is the best adapted for this purpose. 
It is divided into 100 links, each link being 7.92 inches, giving 
exactly 22 yards or 66 feet in length, and equal to 4 perches, so 
that one square chain is equal to 16 square perches, or the tenth 
part of an acre, consequently 10 square chains are equal to one 
acre; and as the chain is divided into 100 links, every superficial 
chain contains 10,000 square links, and every su ial acre 
100,000 square links. 

If, therefore, the content of a field is made up in square links, 
dividing the number by 100,000, or, which is the same thing, if 
from the content we cut off the last five figures, the remaining figure 
towards the left hand gives the content in acres, and consequently 

[PART 1. 


51 


the number of acres at first sight, the remainder being decimal 
parts of an acre, which latter being multiplied by 4 and 40, gives 
the roods and perches. 

The area of any plane figure, is the measure of the space contained 
within its extremes or bounds. 

This area, or the content of the plane figure, is estimated by the 
number of little squares that may be contained in it; the side of 
those little measuring squares being an inch, or a foot, or a yard, 
or any other fixed quantity. And hence the area or content is said 
to be so many square inches, or square feet, or square yards, &c. 

Thus, if the figure to be measured be ‘the 
rectangle ABCD, and the little square E, whose 
side is one inch, be the measuring unit proposed, 
then as often as the said little square is contained 
in the rectangle, so many square inches the 
rectangle is said to contain, which in the present |. 


case is 16. 
Ss 


Table of Square Measure. 
144 Square Inches make 1°Square Foot.. #7. 
9 Square Feet ...... 1 Square Yard’ Yd. 
30} Square Yards .... 1 Square Perch er. 
40 Square Perches.... 1 Rood ...... Ra. 
4 Roods .......... DL AGRO. cies saan Acr 
Sq. In. Sq. Ft. 
144 = 1 Sq. Yd 
1296 = 9 1 Sq. Pole 
39204 — 272} 3s0i = _—Ssi Rad. 
1568160 = 10890 1210 = 40 = 1 Acre. 
6272640 = 48560 4840 —= 160 = 4 1 


To determine the area of a Rectangular Parallelogram. 
Ru.z.—Maultiply the length by the breadth, and the product 
will be the area. 
EXAMPLES. 
Suppose the side of a square to be 10 Chs. 48 Lks., what is the area? 
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Answer, 10 Acr. 3 Rd. 37 Per., — obtained thus:-- 
10.48 x 10.48 = 109.8304, 
dividing by 100000, or cutting off 5 figures from the right 
hand gives . 2. 2 2 2. 2 ee te ee . » . Acr. 10,98804 


Rds. 3.93216 
40 


Per. 37.28640 





The length of an oblong being 34 Chs. 66 Lks., and the breadth 22 Chs. 
64 Lks., what is the area P 
$4.56 x 22.64 = 78.2494, or 78 Acr. 0 Rd. 38 Per. 


To deternune the area of a Triangle. 

Rurz.—Multiply the base or length by half the perpendicular, 
let fall thereon from the opposite angle, and the product will be 
the area. 

EXAMPLES. 

What is the area of a triangle whose base is 23.22 Chs,, and altitude or per- 
pendicular height 10 44 Chas. P 
23 22 X 10.44 

2 

Required the area of a right-angled triangle whose base is 3.54 Chs, and 

perpendicular 2.44 Chs. ? 


ave = 0.43 Aecr., or 0 Acr. 1 Rd. 29 Per. 


The same result would be obtained if the perpendicular were to be multiplied 
by half the base, or if the base and perpendicular were to be multiplied 
together, and half the product taken for the area. 


To find the area of a Trapezoid.* 
Rute.—Add the breadth at each end together, and multiply the 
base by half their sum, and the product will be the area. 


EXAMPLE. 
The base of a field is 5.64 Chs., the breadth at one end is 2.32 Chs., and at 
the other end 1.83 Chs., required the area ? 


2.32 +- 1.83 


== 12.12 Aer., or 12 Acr. 0 Rd. 19 Per. 


x 6.64 = 1.15 Aer., or 1 Acr. 0 Rd. 24 Per. 


* A four-sided figure, having two opposite sides parallel, is called a 7; 
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To find the area of a Trapexiun. 
Routz.—Take the diagonal length from one extreme corner to the 
other as a base, and multiply it by half the sum of the perpendi- 


culars‘falling thereon from the other two corners, the product will 
be the area. 


EXAMPLE. 
A field whose diagonal length was 10.43 Chs., and lengths of perpendiculars 
3.44 Chs. and 4.53 Chs., required the area ? 


ie aa X 10.43 = 4.15 Acr., or 4 Acr. 0 Rd. 24 Per. 


To find the area of a Rhombus or Rhomboid. 
Rurtx.—Multiply the base by the perpendicular height, and the 
product will be the area. 
EXAMPLE. 


Required the area of a Rhomboid, whose base is 2.13 Chs., and perpendicular 
height 2.04 Chs. ? 
2.18 « 2.04 = 0.48452, or 0 Acr. 1 Rd. 29 Per. 


The area of all other figures, whether regular or irregular, of how many sides 
soever they may consist, is determined by dividing the figure into triangles or 
trapezia, and measuring them, separately, the sum of which will be the area of 
the figure, thus :— 

To find-the Area of an Irregular Polygon. 

Draw diagonals dividing the proposed polygon into trapezia and 
triangles, then find the area of all these separately, and add them 
together for the content of the whole polygon. 


EXAMPLE. 
What is the content of the irregular figure ABCDEFGA, in which are given 
the following diagonals and perpendiculars :— 


AC 55 Chs. 
FD 52 ,, 
GC 4 ,, 
Gm 138 ,, 
Ba 18 ,, 
Go 12 ,, 
Ep 8 
Dg 23 ,, 
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Then, Acr. 
AC x Bn or 55 xX 18 = _ 99.00 

AC x Gm or 55 xX 18 = = 71.00 
GC x Dg or 44 x 28 = 101.20 
FD x Ge or 6 xX 12 = 62.40 

FD x Ep or 52 X 8 = 41.00 
374,660 

r 

2.40 

40 

Acr. Rds. Per. — 
Answer 374 , 2 , 16 16.00 





The area of any figure may also be determined by a computation 
made from the bearings and distances of the boundary lines, which 
method will form a separate part of this work. 
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USEFUL PROBLEMS IN SURVEYING. 
Prostem I, 


To draw upon the ground a straight line through two given points. 

Plant a picket, or staff, at each of the given points, then fix another between 
them, in such a manner that when the eye is placed at the edge of one staff, 
the edges of the other two may coincide with it. The line may then be pro- 
longed by fixing up other staves. The accuracy of this operation depends 
greatly on fixing the staves uprighf, and not letting the eye be too near the 
staff from whence the observation is made. 


Pros. II. 
To walk in a straight line from a proposed point to a given object. 
Fix upon some point, as a bush, or a stone, or any mark that you may find 
to be in a line with your given object, and walk forward, keeping the two 
objects strictly in line, selecting a fresh mark when you come within 20 or 30 
paces of the one upon which you have been moving. Observe—that to walk 
in a direct line, it is always necessary to have two objects constantly in view. 


Pros. Il. 
To trace a line in the direction of two distant points. 


Let two persons separate to about 50 or 60 paces; then, by alternately 
motioning each other to move right or left, they soon get exactly into line 
with the distant objects: or, for greater accuracy, they may hold up staves. 

In sketching ground, it is constantly necessary to get in line between two 
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objects: if these are not very distant, a well-drilled soldier can always do so 
within a few paces (near enough for sketching purposes) by fronting one 
object exactly, and then facing to the right about; when, if he finds himself 
accurately fronting the other object, he will be tolerably well in line with 
them. 

A right angle may also be formed very nearly by fronting an object, and 
then facing to the right or left. . 


Pros. IV. 


To survey a triangular field ABC, by the chain. 
Having set up marks at the corners, which is to 

be done in all cases where there are not sufficient c 
marks existing, measure with the chain from A to P, 
where a perpendicular would fall from the angle 
C, and set up a mark at P, noting down the distance 
AP. Then complete the distance AB, by measuring 
from P to B. Having set down this measure, return A 
to P, and measure the perpendicular PC. And thus 
having the base and perpendicular, the area is easily found by multiplying the 
length AB by PC, and taking half the product. Or, the figure may be con- 
structed by measuring an angle as CAB, and the two sides AC and AB. Or, 
measure one side AB, and the angles at Aand B. By either of these ways, 
the figure is easily planned ; then by measuring the perpendicular CP, on the 
plan, and multiplying it by half AB, the content is found. 








Pros. V. 


To measure a four-sided field ABCD. 

Divide it into two triangles by a diagonal 

AC, and find the content of each, as in the 
last problem. 

To take the plan of such a field, measure 









the four sides, and one of the angles, as ABC; e go came “¥> 
when the figure is easily constructed. Or, % 
measure the diagonal AC, and the four angles 
BAC, CAD, BCA, ACD. D 


Pros. VI. 
To measure any field by the chain only. 

Divide it into triangles and trapezia, by running lines across from corner 
to corner: then calculate the content of each triangle end trapezium sepe- 
rately. 
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To make the plan of any field, measure 
a base line AB across it, and having 
placed marks—such as a stick, with a 
bit of white paper on it—at each corner, 
as also similar marks to show the base 
line; put a mark at every point on the 
line, at which a, perpendicular from a 
corner of the field will fall; which point may be judged with sufficient 
accuracy by the eye alone, when the chain is extended along the base line; 
then measure these perpendiculars as off-sets. A diagram of the field, drawn 
by the eye, is better to note the measurements upon than a field-book. 





Lf Pros. VII. 
‘ Fo take the plan of any field with an instrument. 


Plant the instrument at any point C, near 
the middle of the field, and having placed 
marks at every angle of it, measure the dis- 
tances from the instrument to each corner; as 
also the angles ACB, BCD, DCE, &c.: when 
a plan can be easily formed of it. Or, the 
instrument may be placed at one of the cor- 
ners, from whence the others are visible, as D; 
then measure the angles BDA, ADF, and FDE (formed by the dotted lines) ; 
then measure DE, DF, DA, and DB. Note the measures of the angles and 
lines an a rough figure drawn to resemble the true one. 





Pros. VIII. 
To measure a field with irregular boundaries. 

Fix upon three or more 
stations, as A, B, C, D, 
and measure the angles 
ABC, BCD, ADC, and 
BAD; then measure the 
sides BC, CD, AD, and 
AB: and while doing this, 
take off-sets to a, b, c, d, 
e, &e. 

The imaginary figure, 
A, B, C, D, may be formed outside the field or piece of ground, if more 
convenient. 
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Pros. LX. 
To obtain the plar of a river. 


Place marks at its principal bends, A, B, OC, D, and with a 
theodolite or surveying compass take the bearings of the station | 
lines AB, BC, CD, &c.; and when measuring these lines, take 3B/ # 
off-sets to all the smaller bends, as shewn in the diagram. / 

The plan may either be protracted in the field, or the bearings 
and measurements entered in a field-book. 







Pros. X. 
To take the plan of a wood, a lake, or marsh, &c. 


Place marks A, B, C, &c. so as to form the 
most convenient station lines AB, BC, &c., all Bey 
round the wood or marsh; then with a surveying 
compass take the bearings of AB, BC, CD, &c., 
going all round, measuring and taking off-sets as 
you proceed. If the survey be of a marsh or /{{ 
lake, check bearings should be taken across it, as ASS 
from A and E, to D and B, which will insure 
greater accuracy, and cause the work to close (as 
it is termed) with proper exactness. 


Pros. XI. 


To change a triangle into another of equal extent, but different height. 

Let ABC be the given triangle, D a point at the given height. 

Case 1. Where the point D, is 
either in one of the sides, or in the 
prolongation of aside. 1. Draw a 
line from D to the opposite angle C. 
2. Draw a line AE parallel thercto 
from A, the summit of the given 
triangle. 3. Join DE, and BDE is 
the required triangle. 





Case 2. When the point D, is neither in 
one of the sides, nor in the prolongation fa 
thereof. 1. Draw an indefinite line BDa, 
from B through the point D. 2. Draw from 
A, the summit of the given triangle, a line 
Aa, parallel to the base BC, and cutting the 
line BD in a. 3. Join aC, and the triangle 
BaC is equal to the triangle BAC; and the c #8 
point D being in the same line with Ba. 4. . D 
By the preceding case, find a triangle from D, 
equal to BaC; join DC, draw aE parallel 4.----- 
thereto, then join DE and BDE is the re- 
quired triangle. 

Cor. If it be required to change the triangle 
BAC into an equal triangle, of which the B 
height and angle BDE are given: 1. Draw the indefinite line BDa, making 
the required angle with BC. 2. Take on BDa a point D at the given height: 
and, 3. Construct the triangle by the foregoing rules. 












Pros. XII. 
To reduce a rectilinear figure ABCDE, to another equal to it, but with 
one side less. 


1. Join the extremities E, C, of two sides DE, DC, 
of the same angle D. 2. From D draw a line DF 
parallel to EC. 3. Draw EF, and a new polygon 
ABFE is obtained equal to ABCDE, but with one 
side less. 

Cor. Hence every rectilinear figure may be re- 
duced to a triangle, by reducing it successively to a 
figure with one side less, until it is brought to one 
with only three sides. 

For example: Let it be required to reduce the polygon ABCDEF, into a 
triangle IAH, with its summit at A, in the circumference of the polygon, and 
its base on the base thereof prolonged. 

1. Draw the diagonal DF. 2 Draw 
EG parallel to DF. 3. Draw FG, 
which gives us a new pulygon, ABCGF, 
with one side less, 4. To reduce 
ABCGF, draw AG, and parallel thereto 
FH; then join AH, and a polygon 
ABCH, is obtained equal to the pre- 
ceding one ABCGF. 5. The polygon 
ABCH having a side AH, which may 
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serve for a side of the triangle, we have only to reduce the part ABC, by 
drawing AC, and parallel thereto BI; join Al, and we obtain the required 
triangle [AH. 

Cor. As a triangle may be changed into another of any given height, and 
with the angle at the base equal to a given angle; if it be required to reduce a 
polygon to a triangle of a given height, and the angle at the base also given, 
you must first reduce it into a triangle by this problem, and then change that 
triangle into one, with the data, as given in the last problem. 


B 

Cor. If the given figure is a parallelogram, draw IN 
the diagonal EC, and DF parallel thereto; join EF, : \ 
and the triangle EBF is equal to the parallelogram . 
EBCD. ‘ 


B c 
Pros. XIII. 


To find the length of the line AB accessible only at both ends. 


Having fixed on some convenient point 
O, measure BO and AO; and prolong those 
lines till OC = OB, and OD = OA;; then 
the distance between the points D and C 
will be equal to AB, for the sides of the 
triangles COD, BOA, about the equa] «~~ Sp 
angles at O are respectively equal, there- 
fore the third sides CD, BA, will also be equal. 





Pros. XIV. 

Lo find the distance of an inaccessible object O by means of a rhombus. 

With a line or measuring tape, whose length is equal to the side of the 

intended rhombus, lay down one side BA in the direction BO, and let BC 
another side be in any convenient dircction : 
fasten two ends of two of those lines at C and 
A; then the other ends (at D) being kept to- 
gether, and the lines stretched on the ground, 
those lines AD, CD, will form the other two 
sides of the rhombus. Set up a mark at R, 
where OC, AD, intersect ; and measure RD; 
then the sides of the triangles RDC, CBO, 
being respectively parallel, the triangles will 

be similar: hence, RD : DC:: CB : BO. . 
Suppose the side of the rhombus is 100 feet, 
and RD = 11 ft. 7 in.—then, 11,4 : 100:: 

100 : 863 feet nearly = BO. 
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If the ground be nearly level, a rhombus, whose side is 100 feet, will deter- 
mine distances to the extent of 300 yards within a wery few feet of the truth. 


Pros. XY. 
To find the length of the line AD, inaccessible at the point D. 


The measurement of the line 
AD, supposed to be run for the 
determination of a boundary, 
is stopped at B by a river or 
other obstacle. 

The point F is taken up in 
the line at about the estimated 
breadth of the obstacle from 
B; and a mark set up at E at 
right angles to AD from the 
point B, and about the same distance as BF. The theodolite being adjusted at 
E, the angle BEC is made equal to BEF, and a mark put up at C in the line 
AD; BC is then evidently equal to the measured distance FB. 

If the required termination of the line should be at any point C, its distance 
from B can be determined by merely reversing the order of the operation, and 
making the angle BEF’ equal to BEC’, the distance BF’ being subsequently 
measured. There is no occasion in either case to read the angles. The instru- 
ment being levelled and clamped at zero, or any other marked divimon of the 
limb, is set on B; the upper plate is then unclamped, and the telescope pointed 
at F, when being again clamped, it is a second time made to bisect B; releasing 
the plate, the telescope is moved towards D till the vernier indicates zero, or 
whatever number of degrees it was first adjusted to, and the mark at C has 
then only to be placed in the line AD, and bisected by the intersection of the 
cross wires of the telescope. 

If it is impossible to measure a 
right angle at B, from some local 
obstruction, lay off any convenient 4 
angle ABE and set up the theodolite 
at E. : 

Make the angle BEC equal to one 
half of ABE, and a mark being set 

up at C in the prolongation of AB, 
BC is evidently equal to BE, which 
must be measured, and which may at 
the same time be made subservient to the purpose of mer ae er 
of the river. 
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Paros. XVI. 

To find the distance to any inaccessible point, on the other side of a 
river, without the use of any instrument to measure angles. 
Prolong AB to any point D; making 
BC equal to CD; lay off the same dis- 
tances in any direction De=cd :—mark 
the intersection E of the lines joining 
Be and Cb: mark also F the intersec- —.{-=== 

tion of DE produced, and of Ab—pro- * 
duce Dd, and BF, till they meet in a 
and 

ab = AB, 

ace = AC 

ad=AD, 





Pros. XVII. ; 
To find the point of intersection of two lines meeting in a lake or river, 
and the distance DB to the point of meeting. 
From any point F on the line A 

AX draw FD, and from any other 
point E draw ED, produce both 
these lines to H and G, making 
the prolongations either equal to 
the lines themselves, or any ali- 
quot part of their length, suppose 
one-half; join HG, and produce 
it to O, where it meets the line 
CB, then OH is one-half of EB, and OD equal to half of DB; which results 
give the point of intersection B, and the distance to it from D. 


Pros. XVIII. 
Lo jind the height of a point on an inaccessible hill without the use of 
instruments. 
Drive a picket three or four feet 
long at H, and another at L, 
where the top of a long rod FD 
is in a line with the object S from 
the point A (the heads of these 
pickets being on the same level) ; 
mark also the point C, where the 
head of the rod is in the same line ; 
with 8, from the top of any cther xf 
picket B,and measure AF and BC; *- a 


lay off the distance BC from F =o 1 
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to b, and the two triangles ADb and ASB are evidently similar, whence 


PS therefore = DF. © and AP = AF. xt 


HO* 


Pros. XIX. 
How to lay off a perpendicular with the chain. 


Suppose A the point at which it is required 
to crect a right angle: fix an arrow into the 
ground at A, through the ring of the chain, 
marking twenty links; measure forty links on 
the line AB, and pin down the end of the chain 
firmly at that spot, then draw out the remain- *2¢ 
ing eighty links as far asthe chain will stretch, 4 +.  B 
holding by the centre fifty-link brass ring as at C—the sides of the triangle 
are then in the proportion of three, four, and five, and consequently CAB must 
be a right-angle. 

An angle equal to any other angle can also be marked on the ground, with 
the chain only, by measuring equal distances on the sides containing it, and 
then taking the length of the chord: the same distances, or aliquot parts 
thereof, will of course measure the same angle. 


Pros. XX. 


To aroid an obstacle, such as a house, in your chain line. 


The usual way of avoiding an 
obstacle of only a chain or two in 
length euch as a house, is by turn- et 
ing off to the right or left at right angles till it is passed, a then returning 
in the same manner to the original 


line. x B Dp E 
A more convenient method is to AY 


measure on a line making an angle 
of 60° with the original direction a 
distance sufficient to clear the ob- 
stacle, and to return to the line at 
the same angle, making CD = BC 
the distance BD is then equal to either of these measurcd lines. 
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Pros. XXI. 


To find your place in a Survey. 

Let A and B be two stations, 
‘whose places are fixed, and we 
want to determine the point C. 
Take the bearing of A, 128° N.W.: 
having done which, we know, that 
C bears from A, 128°SE. Adjust 
the protractor at A, by means of 
the east and west parallel lines, and 
lay off 128° §.E. the bearing of C; 
which point C must, we know, lie 
somewhere in the line thus obtained. 
Next, take the bearing of B 63° 
N.E., and having adjusted the pro- 

. tractor at B, lay of 63° S.W., and where a line drawn from B (to represent 
this bearing) cuts the line or bearing drawn from A, is the required station C. 

The above may be put into a short rule: thus—7Zo find your station by ob- 
servations taken to two ports already known. Protract from those points the 
opposite bearings to what you observe, and their intersection fixes the place 
sought. For example, if the bearing to a point be 20° N.E. protract from that 
point 20° 8. W., &c. 

Norg. That the nearer your two bearings meet at a right angle, the more correct 
will the station be determmed and alse, that when a third fixed point can be seen, & 
bearing to it will serve to corroborate your other obseravtions, and a point so obtamed, 
namely, by the exact meetang of three bearings, becomes as good as any other point. 

The above 1s a very useful problem—aindeed, dispensable when sketching ground 
and filling in 2 survey. 





Pros. XXII. 
To describe on a given line BC, a segment of a circle, capable of con- 
taining a given angle. 

Bisect BC in A. 2, Through the 
point of bisection, draw the indefinite 
right line DE perpendicular to BC. 3. 
Upon BC, at the point C, make each 
‘of the angles DCB, FCB, GCB, HCB, 
respectively equal to the difference of 
the angles of the intended segments 
and 90 degrees: the angle to be formed 
on the same side with the segment, if 
the angle be less than 90; but on the 
opposite side, if the angle is to be 
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greater than 90 degrees. 4. The points D, F, G, H, where the angular lines 
CD, CF, CG, GH, intersect the line DE, will be the centres of the intended 


Thus, if the intended segment is to contain an angle of 120°, make (on the 
opposite side to which you intend the segment to be described) the angle DCB 
equal to 30°, the difference beteen 90° and 120°; then on centre D, and radius* 
DC, describe the segment CaB, in every part of which the two points C and B 
will subtend an angle of 120 degrees. 

If we want the segment to contain 80 degrees at 0, make the angle BCG 
equal 10 degrees, and on the same side of BC as the intended segment; then on 
G, with radius GC, describe segment CgB, in every part of which C and B will 
subtend an angle of 80 degrees. 

Nors.—Two objects can be seen under the same angle from only some part of a circle 
passing through those objects and the place of observation. 

“Tf the angle under which those objects appear be less than 90°, the place of obser- 
vation will be somewhere in the greater segment, and those objects will be seen under 
the same angle from every part of the segment. 

‘¢ Tf the angle under which those objects are seen be more than 90°, the place of 
observation will be somewhere im the lesser segment, and those objecta will be seen 
under the same angle from every part of that segment.” Hence, from the mtuation of 
three known objects, we are able to determine the station point with accuracy. 


Pros. XXIII. 
To determine the position of a point from whence three points of a 
~ triangle can be discovered whose distances are known. 
The point is either without or within the given triangle, or in the direction 
of two points of the triangle. 
Case I, When the three given objects form a triangle, and the point or station 
whose position 18 required, is without the trrangle. 


Ezample.—Suppose we want to determine the 
position of a rock, D, from the shore; the dis- 
tances of the three points A, C, B, or rather the & 
three sides, AC, CB, AB, of the triangle ABC ~ 
being given. 

In the first place, the angles ADC, CDB, must 
be measured by a theodolite; then the situation 
of the point D may be readily found, either by Salaslatisa te conaiastion: 

Cc 





By Construction.— Method 1.—On AC describe, by 
the preceding problem, a circle capable of containing A B 
an angle equal to the angle ADC; on CB a segment 
containing an angle equal to the angle CDB, and 
the point of intersectien D is the place required. 
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Another method.—Make the angle EBA equal to 
the angle ADE, and the angle BAE equal to the 
angle EDB. Through A, B, and the intersection 
E, describe a circle AEBD; through E, C, draw 
EC, and produce it to intersect the circle at D ; join 
AD, BD, and the distances AD, CD, BD, will-be 

By Caiculation.—In. the triangle ABC are given the three sides to find the 
angle BAC. In the triangle AEB are given the angle BAE, the angles ABE, 
AEB, and the side AB, to find AE and BE. 

In the triangle AED, we have the side AE, and the angles AED, ADE, and 
consequently DFA, to find the sides AD and DE. 

The angle ADE, added to the angle AEC, and then takes from 180°, gives 
the angle DAE. The angle CAE, taken from the angle DAE, gives the angle 
CAD, and hence DC. Lastly, the angle AEC, taken from AEB, gives DEB, 
and consequently, in the triangle DEB, we have EB, the angle DEB, and the 
angle EDB, to find BD. 

In this method, when the angle BDC is less than that of BAC, the point C 
will be above the point E; but the calculation is so similar to the foregoing, as 
to require no particular explanation. 

When the points E and C fall too nearly together to produce EC towards D 
with certainty, the first method of construction is the most accurate. 

Case IT. When the gwen place or station, D, is without the triangle made by the 
thi ee given objects, A, B, C, but sn a line unth one of the sues produced. 

Measure the angle ADB, then the problem Cc 
may be easily resolved, either by construction or 
calculation. 

By Construction—Subtract the measured angle 
ADB from the angle CAB, and we obtain the 
angle ABD; then at B, on the side BA, draw the mise 
angle ABD, and it will meet the produced side pf 
CA at D; and DA, DC, DB, will be the required distances. 

By Calculation.—In the triangle ABD, the angle D is obtained by observa- 
tion, the angle BAD is the supplement of the angle CAB; two angles of the 
triangle being thus known, the third is also known; we have, consequently, 
in the triangle ABD, three angles and one side given to find the length of the 
other two sides, which is readily obtained. 

Case III. When the station point is in one of the sides of the given triangle. 

By Constiuction—1. Measure the angle BDC. x! ¢ 
2. Make the angle BAE equal to the observed angle. 
3. Draw CD parallel to EA, and D is the station 

point required. 

By Calculation.—Find the angle B in the triangle 
ABC, then, the angles B and BDC being known, 
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we obtain DCB; and consequently, as Sine of the angle BDC : BC::; Sine of 
the angle DCB : BD. 


Case IV. When the three given places are in a straight line. 


Ezample.—Being at sea, near a straight shore, I observed three objects, 
A, B, C, which were truly laid down on my chart; I wished to lay down the 
place of a sunken rock D; for this purpose the angles ADB, BDC, were 
observed. 


D 


By Construction.— Method 1.—On AB describe the 
segment of a circle, capable of containing the observed 
angle ADB. On BC describe the segment of a circle 
capable of containing the angle BDC; the point D 
will be at the intersection of the arcs, and by joining 
DA, DB, DC, the required distances are obtained. 


Method 2.—Make the angle ACE equal to ADB, 
and the angle EAC equal to BDC; and from the 
point of intersection E, through B, draw a line to 
ED, to intersect the arc ADC; join A D, and DC, 
and DA, DB, DC, are the required distances. 





By Calculation.—1. In the triangle CAE we have all the angles, and the 
side AC, to find AE. 2. In thetriangle ABE, AB, AE, and the included angle 
are given, to find the angles AEB, ABE. 3. In the triangle BDC, the angles 
BDC and DCB (= ABE) are given, and consequently the angle DCB and the 
side BC; hence it is easy to obtain DB. 


Case V. When the station falls within the triangle, formed by the three given 


objects. B 5, 


Let ABC represent three towers, whose distance 
from each other is known; to find the distance from 
the tower D, measure the angles ADC, BDC, ADB. 

By Construction —On two of the given sides AC, 
AB, describe segments of circles capable of contain- 
ing the given angles, and the point D of their inter- 
section will be the required place. 





CHAPTER VII. | 


Another method.—Make the angle ABE, equal to 
the angle ADE, and BAE equal to BDE; describe 
a circle through the three points A, B, E, and join 
E, C, by the line EC; the point D, where EC in- 
tersects the circle E, A, D, B, E, will be the 
required station. , 

: : 5 the tri 
Case VI. When the ation pet es towards 2. triangle ABC, but the 





Let A, B, C, represent three towers, whose respective 
distances from each other are known; required their 
distance from the point D. 

Measure the angles ADC, BDC, and to prove the 
truth of the observations, measure also ADB. 

By Construction. — Method 1. On AC, describe a 
circle capable of containing the angle BDC, and on 
AB, one capable of containing the angle ADB, and the 
point of intersection will be the place required. 

Or, it may be constructed by Method 2, Case 1. 
The calculation is upon principles so exactly like those 
given in that Case, that a further detail would be 
superfluous. 


The above instances are sufficient to illustrate this problem, which is extensively 
useful in Maritime Surveying, to determine the pomtion of rocks, sands, &c., at a dis- 
tance from the coast but the operation may be very much shortened by making use of 
an instrament called a station pownter, which can be set to the observed angle, and then 
applied to the map or plan, so asto fix this station at once or, the observed angles may 
be drawn on transparent tracing paper, and then applied to the plan; which method 
will be found to answer the purpose. 





Pros. XXIV. 

The distance of two oljects A, B, and the angles ADB, BDC, BCA, 

being given, to find the distance of the two stations D, C, from the 
oljects A, B. 

By Construction. — As- 

@ § sume de any number at 

pleasure, and make the 

angles bde, adb, ¥e., re- 

spectively equal to the 

rf angles BDC, ADB, &c., 

* and join ad; it is plain 

that this figure must be 





similar to thet required; therefore draw AB, equal to the given distance, 
end make ABC equal to abc, BAC to bac, and 0 on respectively; join the 
points, and we have the distances required. 

By Calculation.—In the triangle adc, we have de, adc, and aod, to find ad, 
ac; in bed, we have in like manner the three angles, and de, to find db, be. 

In the triangle adb, we have ad, bd, and the angle adb, to find ab. Hence 
by the nature of Aimilar figures, as ab: AB:: de: DC::ad: AD::bd: BD 
23 be: BC. 


Pros. XXV. 


The distances of three oljects A, B, O, from each other, and the angles 
ADC, CDE, CED, OEB, being given, to find the sides AD, DC, 
DE, ECO, and EB. 


Assume any line de, at pleasure, make 
the angle ede equal to the angle CDE, and 
the angle ced equal to the angle CED; 
also the angle cda equal to the angle CDA, 
and the angle ceb equal to the angle CEB; 
produce ad, be, to intersect each other at /, 
and join ¢/f. 





It is evident that the figures edfe, CDFE, are 
similar; therefore, on AC, describe a segment of a 
cirele, capable of containing an angle AFC equal to 
afe; and on CB a segment capable of containing 
an angle CFB, equal to the angle cfd; from the 
point of intersection F, draw FA, FB, FC; make 
the angle FCD equal to the angle fed, and FCE 
equal to the angle fee, which completes the con- 
struction; then by assuming de equal to any number, the rest may be found as 
before. 

This method fails when AB is paral- 
lel to DE; therefore, having described g 
the segments ADC, BEC, draw CF,to » 
cut off a segment equal to the angle 
CDF, and the right line CG, to cut off 
a segment equal to the angle CEG; GF 
Will be in the right line DE; therefore 
join GF and produce the line each way 
till it intersects the segments, and the points D, E, will be the stations 
required. 
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Pros. XXVI. 


Four points B, 0, D, F, or the four sides of a quadrilateral figure, 
with its angles being given, and the angles BAC, BAE, AED, 
DEF, known by observation, to find the station poings A and E, and 
consequently, the length of the lines AB, AC, ED, EF. 


By Construction.—1. On BC de- 
scribe the segment of a circle, to 
contain an angle equal to BAC. 2. 
From C draw the chord, CM, so 
that the angle BCM may be equal to 
the supplement of the angle BAE. 
3. On DF describe the segment of a circle capable of containing an angle 
equal to DEF; join MN, cutting the two circles at A and E, the required 
points. 

By Calculation.—In the triangle BCM, the angle BCM, (the supplement of 
BAE,) and the angle BMC, ( = BAC,) and the side BC are given, whence it 
is easy to find MC. In the same manner, DN in the triangle DNF may be 
found; but the angle MCD, (= BCD, — angle BCM) is known with the 
sides MC, CD, consequently, MD, and the angle MDC, will be readily 
found. 

The angle MDN, (= angle CDF, — CDM, — FDN) and MD, DN, are 
known; whence we find MN, and the angles DMN, DNM. 

The angle CMA, (= DMC + DMN,) the angle MAC, (= MAB added to 
BAC,) and the side MC are given; therefore, by calculation, MA, and AC will 
also be known. 

In the triangle EDN, the side DN, and the angles E and N are given: 
whence we find EN, ED, and consequently, AE equals MN, — MA, — EN. 

In the triangle ABC, the angle A, with its sides BC, AC, are known; hence 
AB, and the angle BCA, are found. 

In the triangle EFD, the angle EF, with the sides ED, DF, being known, 
EF and the angle EDF cau be found. 

Lastly, in the triangle ACD, the angle ACD, (= BCD, — BCA,) and AC, 
CD, are given ; hence AD is found, as in the same manner EC in the triangle 
ECD. 

Norz.—In this Problem, and in Problems XXIV. and XXV., if the two stations fall 
in « right line with either of the given objects, the problem is indeterminate As to 
the other cases of thia problem, they fall in with what has already been said. 

The solution of this problem is general, and may be used for the two preceding ones; 
for suppose CD the same point in the last figure, 1t gives the solution of Problem XXV., 
ee ry 77 © be mupposod the same points D, F, we obtain the solution of Problem 





[Par 1. 


1 


Pros. XXVII. 
To reduce angles to the centre of the station. 

In surveys of kingdoms, provinces, counties, &c., where signals, churches, &c., at 
a distance, are used for points of observation, it very often happens that theinstru- 
ment cannot be placed exactly at the centre of the signal or mark of observation; 
consequently, the angle observed will be either greater, less, or equal to that 
which would have been found at the centre. This problem shows how to reduce 
them to the centre ; the correction seldom amounts to more than a few seconds, 
and is, therefore, seldom considered, unless where great accuracy is required. 

The observer may be considered in three different positions with respect to 
the centre and the objects; for he is either in a line with the centre, and one 
of these objects, or in an intermediate one, that is, a line from this centre to 
the observer produced, would pass between the objects; or he is in an oblique | 
direction, so that a line from the centre to him would pass without the olyeets. 

CasE 1. Where the observer is at o, between the cen- 
tre and one of the objects, the exterior angle mon, is 
greater than the angle men, at the centre, by the angle 
emo; therefore, taking emo from the observed angle, we 
have that at the centre. 

If the observer is at a the exterior angle man is greater 
than that of men, at the centre, by the value of n; there 
fore, take this from the centre. But if the observer is 
further from the objects than the centre, as at ¢, the observed angle mix, is less 
than that at the centre men, by the angle m; therefore, by adding m to the 
observed angle, we obtain the angle men, at the centre. In the same manner, 
if the observer is at u, we should add the angle x to the observed angle mun, in 
order to have the angle men, at the centre. 

Case 2. When the observer is at o, draw ao, and the 
interior angle d exceeds the angle » at the centre by the 
angle m, and the exterior angle e exceeds the angle at 
the centre a, by the angle x; therefore, mon exceeds the 
angle at the centre, by the value of the two angles m 
and x; these, therefore, must be subtracted from it, to 
obtain the central angle. On the contrary, if the obser- 
ver is at a, the two angles m and x must be added to the observed angle. 

Case 3. When the observer is at 0, having measured 
the angles mon, moe, the angle ¢ is exterior to the two 
triangles moi, nei; therefore, to render men, equal to mi, 
we must add the angle n; and to render the exterior 
angle min, equal to the observed angle mon, we musf 
take away the angle m; therefore, adding m to the ob- 
served angle, and subtracting 2 from the total, we obtain 
the central angle ms or x. 
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From whet hes been said, it is cleer, that in the first case, we are to add or subtract 
from the observed angles, that of the # or #, which is not in the direction of the 
observer. 


In the second case, we have either to subtract or add the two angles # snd #. 
In the third case, we add to the observed angle, that of the two s or #, which is of 


the same side with the observer, and subtract the other. 
To know the position of the observer, care must be taken to measure the distance of 


the instrument from the centre, and the angles this centre makes with the objects. 

An inspection of the figures 1s sufficient to show how the value of the angles m, #, 
may be obtamed. Thus, in the triangle moe, we have the angle at o, the distance os, and 
the distance em, om, (which are considered as equal,) given. 


Pros. XXVIII. 
To reduce triangles from one plane to another. 
After the reduction of the observed angles to the centre of each respective 
station, it is generally necessary to reduce the parts of one, or of several 


triangles to the same level. 
Case 1. Let us suppose the three points A, P, E, 


Tus to be equally distant from the centre of the earth, 
, and that the point R is higher than these points by 
P the distance or quantity RE; now it is required to 


reduce the triangle APR to that of APE. 

By the following rule, we may reduce the angles RAP, RPA, which have 
their summits in the plane of reduction, to the angles EPA, EAP. 

Rule. The co-sine of the reduced angle is equal to the co-sine of the observed 
angle, divided by the co-sine of the angle of elevation. 

These two angles being known, the third angle E is consequently known; 
we shall, however, give a rule for finding AEP, independent of the other two. 

Rule. The co-sine of the reduced angle is equal to the co-sine of the observed 
angle, lessened by the rectangle of the sines of the angles of elevation, divided 
by the rectangle of the co-sine of the same angles. 

The reduction of the sides can be no difficulty. 

Case 2. Let ARr, be the triangle to beg 
reduced to the plane AEz, the points E, e, 
of the vertical lines RE, re, being supposed 3 
equally distant from the centre of the 
earth. 

Prolong the plane AEe, to P, that is, till 
it meets the line Rr, produced to P; and the 
value of EAg, will be found by this formula. 


tangent 3 (RAE -+- rAe 

Tangent } (PAR + PAr) = tangent } RAr xc (nsent } (AE + re). 
Knowing the half sum and half difference of PAR, and PAr, we obtain the 
value of each of the angles; the value of PAE, and PAe, may be then obtained 
by the first of the two preceding rules, and the difference between them is the 
bought. : {Paur 1. 
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Let C be the centre of the earth,and AB the sideofa  __--------~... 
triangle reduced to a common horizon by the preceding 4 ay jad 
methods; if it be required to reduce this to the plane 
DE, as these planes are parallel, the angles will remain 
the same; therefore, the sides only are to be reduced, 
the mode of performing which is evident from the 
figure. Cc 


Pros. XXIX. 


Method of carrying on a triangulation for any survey, whether the object 
be to find the distance between two given points, or for any other pur- 
pose whatever. 


Let AB be a base of 2 miles, or 3520 yards; and 
suppose poles or flag-staves are set up at the sta- 
tions A, B, C, D, G; and that the angles at those 
stations, taken with a theodolite, are the fol- 
lowing :— 








B 
CAB= 64° 29’ DCG= 73° 58’ 
CBA= 75 15 CDG= 61 27 
ACB= 40 18 CGD= & 83 
Sum = 180 02 Sum = 179 58 
BCD= 853 41 DGP= 71 07 
CBD= & 08 GDP= 46 31 
BDC= 62 14 
Sum = 180 03 


It is required to find the distance of the Spire P from the Station A. 

The error in the sum of the three observed angles of the first triangle is, 2’; 
in the second, 3’; and in the third, 2’. The angle at P,in the fourth triangle, 
is supplemental. 

No certain rule can be given for correcting the observed angles; this must 
be left to the judgment of the observer, who, from circumstances, will seldom 
be at a loss to point out where the greatest uncertainty lies. To make the 
calculation, however, we will suppose the corrected angles are— 


CAB= 6° 28’ DCG = 73° 58’ 
CBA= 75 14 CDG= 538i 28 
ACB= 40 18 CGD= 5&4 & 
Sum = 180 00 Sum = 180 00 
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BCD= 53°40’ DGP = 71° 07’ 
CBD= 6 07 GDP= 4 &6i 
BDC= 62 18 GPD= 62 02 
Sum = 180 00 Sum — 180 00 
Then, 
As Z ACB or 40° 18’ Sine 9.810763 
: AB _sg,, 3520 Log. 3.546543 
3: 2 CAB ,, 64° 28’ Sine 9.955368 
13.601911 
: CB _e,, 4910.7 Log. 3.691148 = CB or 4910.7 
Add Z DCB ,, 63° 40’ Sine 9.906111 
18,597259 
Dedt. 2. BDC ,, 62° 13’ Sine 9.946804 
Log. 3.650455 = BD or 4471.5 
Add 2. CBD ,, 64° 07’ Sine 9.954090 
18.604545 
Dedt. Z. DCB ,, &3° 40’ Sine 9.906111 
Log. 3.698434 = CD or 4993.8 
Add 2. DCG ,, 738° 58’ Sine 9.982769 
13.681203 
Dedt. 2. CGD ,, 54° 34’ Sine 9,911046 
Log. 3.770157 = DG or 5890.6 
Add 2. DGP ,, 71° 07’ Sine 9.975974 
13.746131 
Dedt. 2. DPG ,, 62° 02’ Sine 9.946069 


Log. 3.800062 = DP or 6310.5 

Now, from the sides BA, BD, and the included angle ABD = 139” 21’, we 
get the angle BDA = 17° 48’ and AD = 7501.1 yards. 

And, if BDA be taken from 160° 32’, the angle BDP, there remains 142° 44’ 
the angle ADP, which, with the including sides AD = 7504.1, and DP = 
6310.5 will give the distance from P to A = 13093 yards. 

‘When triangles are carried on from the original base in all directions, the 
distances towards the extremities may, in some respect, be verified by in- 
dependent calculation. 
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Pros. XXX. 
To refer a series of triangles to a Meridian line, and another ling 
Perpendicular to it. 

This method should be adopted wherever extreme accuracy is required, for 
whatever care is taken to protract a series of triangles, the protractor, the 
points of the compasses, the thickness of the line, the inequality of the paper, 
&c. will produce in the fixing of the points of a triangle, an error, which, 
though small at first, will have its influence on those that succeed, and become 
very sensible, in proportion as the number of the triangles is augmented. 
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Let AB, be the Meridian, CD, the Perpendicular, and the triangles oad, dae, 
deg, egi, gil, those that have been observed; from the point 0, (which is always 
supposed to be on a meridian, or whose relation to a meridian is known) 
observe the angle Boa, to know how much the point a declines from the 

In the right-angled triangle, oBa, we have the angle Boa and the right 
angle oBa, and consequently the angle oaB together with the side oa, to find 
oB, and Ba. 

For the point d, add the angle Boa, to the observed angle aod, for the angle 
dob, or its equal odm, and the complement is the angle mod, whence as before, 
to find om, and md. 

For the point g, add the angles, mdo, oda, ade, and edg, which subtract from 
$60°, to obtain the angle gdr, of the right-angled triangle grd; hence we also 
readily, as in the preceding triangles, obtain rg — mt, which added to mo, gives 
to the distance from the meridian. Then we obtain rd, from which taking dm, 
we obtain rm = gt, the distance from the perpendicular. 

For the point e, take the right angle rdf from the two angles rdg, gde, and 
the remainder is the angle fide of the right-angled triangle dfe; hence we 
obtain fed and df, which added to db, gives bf= ze, the distance from the 
meridian; from the same right-angled triangle we obtain fe, which added to 

Sa= dm, gives en, the distance from the perpendicular. 
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For the point i, add together the angles rgd, dge, egi, and from the sum 
subtract the right angle rgk, and we obtain the angle ghi, of the right-angled 
triangle Agi, and consequently the angle i; hence also we get hi==ép, which 
added to to, gives op, distance from the meridian, and gh, from which subtract- 
ing gt, we obtain th = pi, distance from the perpendicular. 

For the point 2, the angle ghi, added to the angle igi, gives the angle igk of 
the right-angled triangle gki, and of course the angle gik, whence we obtain 
i, or ty, which added to to, gives oy, distance from the meridian; hence we 
also obtain gk, which taken from gt, gives At=Jy, distance from the per- 
pendicular. 

If, before the operation, no fixed meridian was given, one may be assumed 
as near as possible to the point 0; for the error in its position will not at all 
influence the respective position of the triangles. 


Pros. XXXT. 
A Map with its Area being given, and its Scale omitted to be either 
drawn or mentioned ; to find the Scale. 
Cast up the map by any scale whatsoever, and it will be, 
As the area given 
: the square of the scale by which cast up, 
3: the given area of the map 
: the square of the scale by which it was laid down; 
the square root of which will give the scale. 


EXAMPLE. 
A map whose area is 126 ac. 3 rds. 16 per. being given, and its scale 
omitted to be either drawn or mentioned ; to find the scale. 
Suppose the map was cast up by a scale of 20 Perches to an inch, and the 
content thereby produced be 31 ac. 2 rds. 34 per., 
] 
As the area given, or 31 ac. 2 rds. 34 per. = 5074 per., 
* the equare of the scale by which it was cast up, that is to 20 x 20 = 400, 
:: the given area of the map, 126 ac. 3 rda,16 per. = 20296 per., 
he sate ofthe saleby whih it wa aid down 
as 5074 : 400 :: 20296 : 1600, the 
a gel icueians , the square of the required scale, the square 


The map was therefore laid down by a scale of 40 perches to an inch. 
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Pros, XXXIL 


To find the true Area of a Survey, though it be taken by a Chain that 
48 too long or too short. 

Let the map be constructed, and its area found as if the chain was of a true 
length, and it will be 

As the square of the true chain, 

: the area of the map, 

:: the square of the chain surveyed by 

: the true area of the map. 


EXAMPLe. 


If a Survey be taken with a chain which is 3 inches too long, or with one 
whose length is 42 feet 3 inches, and the map thereof be found to contain 
920 ac. 2 rds. 20 per. Required the true area. 

As the square of 42 ft. 0 in. = the square of 504 inches = 254016 

: the area of the map 920 ac. 1 rd. 20 per. = 147260 per., 

:: the square of 42 ft, 3 in. = the square of 507 inches = 257049 

: the true area. 
or, 254016 : 147260 :: 257049 : 149019 = 931 ac. 1 rd. 19 per. 


Pros. XXXII. 
How to divide land, or to take off any given part from a Map. 


Let ABCD, &c., be a map of ground, containing 11 acres; it is required to 
cut off a piece as DEFGID, that shall contain 5 acres. 


+ 





Join any two opposite stations, as D and G, with the line DG (which we 
may nearly judge to be the partition line), and find the area of the part DEFG, 
which suppose may want 3 rds. 20 per. of the quantity we would cut off; 
measure the line DG, which suppose to be 70 perches. Divide 3 rds. 20 per., 
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or 140 per., by 85, the helf of DG, and the quotient 4 will be a perpendicular 
for « triangle whose base is 70and the area 140 per. Let HI be drawn parallel 
to DG, at the distance of the perpendicular 4, and from 8, where it cuts the 
boundary, draw a line to D, and that line DI will be the division line. 


Pros. XXXIV. 


To determine the Area of apiece of ground, having the map given, by 
reducing it to one triangle equal thereto, and thence finding its Area. 


Let ABCDEFGHA be a map which we would reduce to one triangle equal 
thereto. 





mew we ewe 
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Produce any line of the map, as AH, both ways: lay the edge of a parallel 
ruler from A to C, having B above it; hold the other side of the ruler fast; 
open until the same edge touches B, and with a protracting pin mark the point 
b on the produced line ; lay the edge of the ruler from b to D, having C above 
it; hold the other side fast; open until the same edge touches C, and mark the 
point ¢ on the produced line. A line drawn from ¢ to D will take in as much 
as it leaves out of the map. 

Again, lay the edge of the ruler from H to F, having G above it; keep the 
other side fast ; open until the same edge touches G, and mark the point g on 
the produced line ; lay the edge of the ruler from g to E, having F above it; 
keep the other side fast; open until the same edge touches F, and mark the 
point fon the produced line. Lay the edge of the ruler from f to D, having E 
above it ; keep the other side fast; open until the same edge touches E, and 
mark the point ¢ on the produced line. A line drawn from D to ¢ will take in 
as much as it leaves out. Thus we have the triangle cle, equal to the irregular 
polygon ABCDEFGHA, 
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If when the ruler’s edge be applied to the points A and C, the point B falls 
under the ruler, hold that side next the said points fast, and draw back the 
other to any convenient distance; then hold this last side fast, and draw back 
the former edge to B, and mark 3 on the produced line ; and thus a parallel may 
be drawn to any point under the ruler, as well as if it were above it. It is best 
to keep the point of the protracting pin in the last point in the extended line, 
until the edge of the ruler is laid to the next station, or one point may be 
mistaken for another. 

This may also be performed with a scale, or ruler, which has a thin sloped 
edge, called a fiducial edge, and a fine pointed pair of compasses. Thus:— 

Lay that edge on the points A and C, take the distance from the“point B to 
the edge of the scale, so as it may only touch it, in the same manner as you 
take the perpendicular of a triangle; carry that distance down by the edge of 
the scale parallel to it, to b, and there describe an arc on the point 3, and if it 
just touches the ruler’s edge, the point 5 is in the true place of the extended 
line. Then lay the fiducial edge of the scale from } to D, and take a distance 
from OC, that will just touch the edge of the scale; carry that distance along the 
edge, until the point which was in C, cuts the produced line in ¢; keep that 
point in ¢, and describe an arc, and if it just touches the ruler’s edge, the point 
e is in the true place of the extended line. Draw a line from c to D, and it 
will take in and leave out equally. In like manner the other side of the figure 
may be balanced by the line eD. 

Let the point of the compasses be kept to the last point of the extended line 
until the scale is laid from it to the next station, to prevent mistakes from the 
number of points. 

That the triangle cDe, is equal to the right-lined figure ABCDEFGHA, will 
be evident from Problems 13, 14, Chap. 3. For if a line were drawn from 5 to 
C, it will give and take equally, and then the figure |;CDEFGH, will be equal 
to the map. Thus the figure is lessened by one side, and the next balance line 
will lessen it by two, and so on, and will pive and take equally. In the same 
manner an equality will arise on the other side. 

The area of the triangle is easily obtained and thus we have the area of the 
map. : 

It is best to extend one of the shortest lines of the polygon, because if a 
very long line be produced, the triangle will have one angle very obtuse, and 
consequently the other two very acute; in which case it will not be easy to 
determine exactly the length of the longest side, or the points where the 
balancing lincs cut the extended one. 

This method will be found very useful and ready in small enclosures, as well 
as very exact; it may be also used in large ones, but greater care must be 
taken of the points on the extended line, which will be crowded, as well as 
of not missing a station. 

That the probable error in the area may be as little as possible, the resulting 
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triangle should have the lines to be measured as nearly as may be, the same 
length, 


Pros. XXXV. 


To determine the Area of a prece of ground, having the Map given, 
weight. 
Let the subjoined figure be that whose area is required. 


x 
AN 
A 


Let parallels be drawn at half an inch asunder, and others at right angles 
to them at a like distance; each square will then be a quarter of a square inch 
in area. 

With penknife, cut away all the squares marked a, which the boundary of 
the map does not reach, then all the whole squares contained within the body 
of the map, and the squares which the boundary passes through and which are 
marked z, z, 2, ¥¢., Will remain. 

Add the number of whole squares in the body of the map, and those 
marked z, together, which number note down; then find with grains and 
tenths of a grain, the weight of the paper. Call the number of squares, first 
area, and their weight in grains and parts, their first weight. 

Then cut the map close by the boundary and weigh it in grains and decimals 
of a grain, as before. Then say, as the first weight, is to the first area, so is 
the second weight to the second area, which gives the area of the map in 
squares, and decimals of a square. Then by knowing by what scale it was 
laid down, the area of each square is known and consequently the area of the 
whole map. 

The state of the Atmosphere has a very sensible effect on this operation. 
The weighment should be made with as delicate scales as possible, and the 
mean of two, or more trials adopted. 
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ON SURVEYING INSTRUMENTS. 
THEIR ADJUSTMENT AND USE. 


CHAPTER I. 
THE CHAIN. 


Gounrer’s Chain is the measure adopted in the Indian Revenue 
Surveys, but a description of it having been given under the 
head of “ Areas,” if is unnecessary to repeat it here. 

The length of a straight line must be found mechanically by 
the Chain, and it is the most difficult operation in Surveying. 
The Surveyor therefore cannot be too careful in guarding against, 
rectifying, or making allowances for every possible error, for on 
the exactness of this mensuration, the correctness of his operations 


The Chain, however useful and necessary, is liable to many 
errors—Ist, in itself,—2ndly, m the method of using it,—and 
8rdly, in the uncertainty of pitching the arrows; every possible 
precaution must therefore be used. 

If the Chain be stretched too tight, the rings will give, the 
arrows incline, and the measured line will be shorter than it really 
is; on the other hand, if it be not drawn SurnLeny tight, the 
measure obtained will be too long. 

If the Chain is a new one, it should invariably be measured 
daily until it has stretched to its utmost; if an old one, and which 
a Surveyor will find by experience, to be always preferable, once 
in every three or four days is sufficient. A careful and correct 
Sutveyor, will, however, compare it daily. 
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Ohains have been known to stretch as much as 3 inches in a 
day’s work ; this, though trifling in one Chain, would be found of 
material consequence, after measuring 400 or 500 Chains during 
the day, amounting, as such an error would, to nearly one Chain 
and a half in the whole distance measured. The rectifying of 
such errors in the Chain measurements is easily done by a calcula- 
tion from Table A, (vide Appendix) but a correct Chain saves 
much trouble. 

In the event of a Chain having lengthened, the correction, 
whatever it may be, to the Chain lines, must be made by addition, 
and vice versed, if the Chain be short, by subtraction of the quantity 
required to rectify the error. Thus, 

Supposing a Chain to have stretched 1 inch, a correction of one 
link additive in every 8 Chains measured, would be necessary to 
give the true length of any line measured with that Chain. 
Taking the measured line to be 64 Chains the correct length of 
the line would be 64 Chains -+- 64 Inches, or 64 Chains, 8 Links : 
and the reverse 64 Chains—64 Inches or’63 Chains, 92 Links, 
should the Chain be 1 Inch too short; such a correction is suf- 
ficient for all practical purposes. 

It is a common practice, to allow Chainmen too much latitude in 
measuring lines, i. ¢., the Surveyor is satisfied to come up at the 
end of the line measured, count the number of links up to the 
station, depending entirely on the rear Chainman, for a correct 
account of the number of Chains measured. This, even were the 
account of Chains correct, (which is always doubtful) can never 
be a satisfactorily measured line. Unless the Surveyor follows in 
the rear of his Chainmen, and keeps a continued watch on them, 
the probabilities are, that his work will have to be measured over 


again. 
A Surveyor should accustom himself to follow his rear Chain- 
man and satisfy himself, as he is progressing, that he is measuring 
straight. To ensure the Chainmen proceeding in as straight a 
line as possible, it is always well, for the /eading Chainman to 
check the direction of the rear Chainman, by keeping the latter, 
and the back station (on which there is invariably a flag) in a 
straight line with himself. The rear Chainman does this, as he 
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directs the /eading one, with the forward station, and thus by a 
mutual check, great accuracy is obtained. 

Eleven arrows should be used, instead of ten as is generally 
the custom, for in the latter case, when the Chain arrives at the 
end of the tenth arrow, thus denoting 10 Chains as measured, the 
Chain is stopped and liable to be shifted; whereas with eleven 
arrows, one arrow always remains a fixture in the ground and is 
never brought into the account, thus preventing the possibility of 
the Chain being shifted whilst the other ten arrows are being 
taken to the leading Chainman. 

It is usual to have steel rods of 6 or 11 feet to test the Chains 
with ; the former are the most portable, and the Superintendent of 
a Survey cannot be too careful in ascertaining that these rods are 
supplied of the exact lengths, and also, in insisting on their use. 

Two rods of 6 feet each, are sufficient for a Survey party, and 
the method of using them is, to stretch the Chain pretty tightly on 
a level piece of ground, fixing two stout pins made for the purpose, 
at each end in the handles of the Chain; then, laying down the 
two rods from one end, keeping the second stationary, and taking 
up the first, and placing it beyond the second, then keeping that 
stationary and taking up the second, and placing it beyond the 
third and so on, until arrived at the end of the Chain, when 
eleven rods thus measured should be its length. 

Experience, however, and the disagreeable necessity of doing 
work twice over, which is always irksome, can alone teach 8 
Surveyor the necessity of measuring lines correctly, and of keep- 
ing a constant watchfulness over the length of his Chain. 

Directions for using the Chain.—Flags are first to be set up at 
the places whose distances are to be obtained; the place where the 
measurement is commenced may be called the first station, and 
that measured to, the second station. Two men hold the Chain, 
one at each end; the foremost or leader is provided with eleven 
arrows, and a small hammer. These arrows are made of iron, 
about one-third of an inch square, pointed at one end, with a loose 
ring on the head, for the purpose of hanging in a hook suspended 
from the girdle of the Chainman. On the Chain being stretched 
in the direction of the second station, the leader hammers an arrow 
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firmly into the ground, the rear Chainman holding the other end 
at the first station; he then proceeds in the direction of the second 
station, until the rear Chainman has arrived at the first arrow, 
when the latter directs the former in a line with the jiret station, 
and a second arrow is firmly driven in; the rear Chainman then 
takes up the first arrow, counts one Chain as measured, and pro- 
ceeds on until the eleven arrows are expended, one of which re- 

ining in the ground, the other ten are sent on to the leading 
Chainman. The exchange of the arrows is always notified by the 
rear Chainman calling out with a loud voice, so many Tens. The 
Surveyor here marks in his Field Book, that one change has been 
made, or 10 Chains or 1000 Links measured. The Chainmen 
then proceed onwards, until another change has been made, and 
entered, and so on, marking every change until the second station 
be arrived at, when the number of arrows in the hand of the rear 
Chainman will denote the number of Chains, which, together with 
the odd links and the number of changes that may have been 
made between the two stations, will make up the entire length of 
the line. 


THE ‘CROSS STAFF’’ AND “‘ OFFSET ROD.”’ 


When the boundary of a Survey has turns and bends in it, as 
is generally the case, it is not necessary to measure round every 
such turn and bend. The best and most usual way is, to proceed 
in a straight line from one principal corner to another, and when 
opposite to any bend in the boundary to measure the rectangular 
distance, termed the Offiet, from the chain line to the bend, noting 
the same, together with the distance on the Chain line from 
whence such Offset was made. Those Offsets are generally mea- 
sured with an Offset Staff or Rod of ten or twenty links in length, 
ten or five of them making one Chain; and as they are all rect- 
angular with the Chain line, they either form triangles or trapezea, 
of which the distance on the Chain line is the base and the Offset 
the perpendicular, to be calculated by the rules given under the 
head of “ Areas,” and added or deducted according as they are to 
the right or left of the Chain line. Great care is required on the 
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part of the Surveyor in measuring Offsets, for unless the Offset is 
taken at right angles with the Chain line, the perpendicular 
measured for determining its area will be too long, and a correct 
result will not be obtained. 

A very convenient instrument called the “ Cross- P 
Staff,” and which can be madeup by any Bazaar Car- TAS 
penter, is used for the purpose of taking Offsets. It 
consists of a piece of wood, about 6 inches square and 
an inch and a half in thickness, fixed on the end of 
a staff about 5 feet in length, with an iron spike at the 
end, for the convenience of planting it in the ground. 

The square piece on the top has two grooves ab and cd 
in it, about half an inch deep, at right angles with 
each other, made with a common saw. This instru- 
ment being placed anywhere on the Chain line, if one 
groove be directed to the forward or back station, 
the other will of course give the perpendicular to the 
Chain line. A well practised Surveyor can, however, generally tell 
a right angle for an Offset, without the assistance of this instrument. 

The best method of measuring Offsets, is, for the Offset man to 
walk along the boundary, and to give a signal to the Chain party, 
whenever he comes to a bend or corner; the Surveyor then places 
himself on the Chain line in a rectangular position with the Offset 
man, when the latter, measuring down towards him, gives in the 
length of the Offset in rods, and returns immediately to the boun- 
dary to teke up the next bend. A good Offset man should never 
be taken off his work, for by constant practice he knows exactly 
when and where an Offset is required. 


THe PERAMBULATOR. 

This instrument is very useful for measuring roads, level plains, 
and everything where expedition is required. It gives however a 
measure somewhat too long in going over uneven surfaces, which 
is one of its principal objections, and it is therefore only applicable 
to road and route Surveys, where great accuracy is not essential. 

The following figure represents the English Pattern Perambu- 


lator, which consists of a wheel of wood A, shod or lined with iron 
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to prevent the wear; a short axis is fixed to this wheel, which com- 
municates motion by a long pinion fixed in one of the sides of the 
carriage B, to the wheel-work O, included in the box-part of the 
instrument. For portability the wheel A is separable. 





In this instrument, the circumference of the wheel A, is 8 feet 
3 inches, or half a pole; one revolution of this wheel turns a single- 
threaded worm once round; the worm takes into a wheel of 80 
teeth, and turns it once round in 80 revolutions; on the socket of 
this wheel is fixed an index, which makes one revolution in 40 
poles, or one furlong; on the axis of this worm is fixed another 
worm with a single thread, that takes into a wheel of 40 
teeth; on the axis of this wheel is another worm with a single 
thread, turning about a wheel of 160 teeth, whose socket car- 
ries an index that makes one revolution in 80 furlongs, or 10 
miles. On the dial plate there are 
three graduated circles, the outermost is 
divided into 220 parts, or the yards in a 
farlong: the next into 40 parts, the num- 
ber of poles in a furlong; the third into 
80 parts, the number of furlongs in 10 
miles, every mile being distinguished by 
its proper Roman figure. 
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The instruments generally made in England have been found 
unsuited to the wants of Indian service; the following describe 
those in general use in India. 


Tae Mapras Parrern 8-m11z PERAMBULATOR. 


The 8-mile Madras Pattern Perambulator, (see annexed engray- 
ing) consists of a wheel 20 feet in circumference, having a brass 
plate 7 inches in diameter on each side of its centre for connecting 
the spokes. On one side the plate A is graduated, in feet and inches 
from 1 to 20 feet, in three circles, one within the other, each circle 
containing 6% feet. An axle B, passes through the centre of these 
plates, to which is attached an endless screw D, playing in the 
teeth of two circular brass plates 83 inches in diameter, suspended 
from the axle, one plate having 66, and the other 64 teeth. The 
front plate is graduated to 220 yards, and the back plate to fur- 
longs and miles, which are read off through the openings G, G, in 
the front plate, the index E being turned down on the plate to 
denote the yards, and the index H, with adjusting weight W, 
denoting the feet and inches on the plate A, attached to the wheel. 
The axle B is furnished at both ends with a revolving wooden 
handle OC, C. 

This instrument is best adapted for road work: to a Surveyor, it 
is of little use, its great height rendering it difficult to manage in 
a high wind, and requiring two men to work it. The only advan- 
tage it has over other instruments of the kind is, that it bears its 
own weight, and the handles being about the height of a man’s 
chest, it is only necessary to keep the wheel steady, when the least 
pressure sets if in motion. 


Lrevrenant-Cotone. Everest’s Parrern 6-m1Le PERAMBULATOR. 


This instrument consists of a wheel, the circumference of which 
is 107.89 inches. The spokes are connected by two strong brass 
plates secured with bolts, the centre of these plates having a square 
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hole, through which the axle passes. It has shafts and handles 
similar to the one described at page 86, but somewhat different in 
construction, the shafts being made of well-seasoned wood, and the 
handles like those of a wheelbarrow. The machinery is extremely 
simple, consisting only of an endless screw, with two brass plates 
attached, the diameters of which are 3y. inches, the upper one con- 
taining 59, and the lower 60 skew-bevelled teeth ; the upper plate 
is divided into 100 parts, the wheel being bevelled inside to admit 
of every 10th part bisecting the surface of the lowgr wheel gradua- 
tions; the lower plate being graduated to 60 parts or 10 divisions 
to a mile. 

The axle of the wheel runs in two hinges secured to the shafts, 
and so constructed that the wheel is easily detached from the body 
of the instrument. 


LIEUT.-COLONEL WAUGH’S PATTERN 10 anp 20 MILE PERAMBULATOR. 


This instrument is somewhat similar in construction to Lieut.- 
Oolonel Everest’s. 
The periphery of the wheel is 10 feet 9°306 inches, or 4, part of 
amile. The diameter is therefore three feet 5°1588 inches, 
The upper plate of the dial has 49 cogs, and is graduated into 
100 parts, each of which denotes rs. of a mile, and ten thousandths 
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may be read by estimation. The tens on this plate represent .}, 
of a mile. 

The lower plate has 50 cogs, and is subdivided into 50 parts, 
each of which represents 4, of a mile, or one revolution of the upper 
plate. Hence the lower plate measures as far as 5 miles, as well as 
subdivides to tenths. 

An eight-leaved pinion on the axis of the lower plate drives 
the small inner wheel, which has 32 teeth, and is graduated 
into 20 parts, each representing one mile. This little wheel 
consequently measures four revolutions of the lower plate, or up 
to 20 miles. 

The index to the mile scale is in the centre of a small aperture 
at the word “ Miles.” 

The index to the lower plate, or scale of miles and tenths, is at 
the centre of the large aperture, opposite the figure “100” on the 
upper plate, with which it revolves. 

The index of the hundredths and thousandths is on a projecting 
piece attached to the bottom of the dial. 

When the dial is taken to pieces to be cleaned, the zeros of all 
the graduations must be reset to correspond as they do at present. 
The indications of the lower plate and little wheel check each 
other. 

When the dia? requires cleaning, the nut and washer on the 
upper pivot can be released, after the pin is extracted. In replacing 
them care must be taken to refix the pin securely, otherwise it is 
liable to drop out from the severe concussions the wheel is exposed 
to. If the pins drop out, the nuts are liable to work loose and fall 
off, in which state of the dial the cogs may get out of gear, and the 
indications not be trustworthy. To guard against this source of 
error, the dial plates are kept close by three stops at the circum- 
ference, in addition to the central nut and washer. 

The wheel is constructed after the manner of carriage wheels, 
having a stout iron tire put on hot, which by contracting draws 
the woodwork tight. 

The iron axle is strong, 0°75 inch in diameter, with a square 
part passing through the nave, to which it is screwed up tight, and 
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the nut fastened by another screw, to prevent its working loose 
from the concussions the Perambulator is exposed to. 

The wheel is attached to the shafts or barrow handle by strong 
iron Ys, which can be tightened by square headed nuts, so as 
to prevent wabbling. <A piece of thick oiled leather should be 
placed on the upper and under Y before they are screwed up, 
whereby the wheel will work smoothly for a week, and undue wear 
and tear bé prevented. 

The dial, when not in use, is packed in the locker between the 
shafts, together with the attaching screw and key. By this means 
the dial is saved from unnecessary wear and tear in travelling, at 
such times as it is not required to measure. The field book is also 
carried in this locker. 

The dial is attached to the end of the axle by a pin screw. The 
hole in the socket of the dial must be brought exactly over the 
corresponding hole in the axle, and the pin passed through both 
and screwed by hand. It can afterwards be tightened by the key. 
If the screw on the pin were at the point instead of the shoulder, 
it would soon wear out. 

Observe, that there is in the socket of the dial a notch, which 
corresponds with a projecting knob on the axle, and relieves the 
pin from torsion. This notch must be placed opposite the knob in 
fixing on the dial. 

A guard is attached to the wheelbarrow shaft to protect the dial 
from blows, and there is a spring catch attached to it, to relieve 
the weight, and prevent the dial from turning over. 

There is a scraper attached under the locker, to prevent accumu- 
lation of mud on the wheel. The scraper should be set close, but 
notwithstanding every precaution, it will be found that some slight 
accumulation will take place, whereby the diameter of the wheel 
becoming enlarged, it always measures too small. Every Peram- 
bulator is liable to this source of error, the effect of which can be 
estimated by comparison with the verified distances of the Trigo- 
nometrical Survey. 

Hooks are attached to the ends of the shafts for drag ropes in 
heavy ground, &c. 
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A very great improvement is made in the method of attaching 
the wheel and axle to the shafts; there are no hinges, the wheel 
and axle being secured by two screw bolts on each side, enabling 
the boxes of the axle to be clamped closer together, in the event of 
friction having worn them. 

This instrument is better calculated for general work than any 
yet constructed, being very strong, and at the same time conve- 
niently portable, and is fit for any work over the roughest ground, 
and altogether supersedes the flimsy English manufactured 
instrument. 
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THE PRISMATIC COMPASS. 


Tue use of this little instrument is to measure horizontal angles 
only, or rather to take the bearings of objects, when the angle can 
be deduced from the two bearings; and from its portability is par- 
ticularly adapted for filling in the detail of a map, where all the 
principal points have been correctly fixed by means of the Theodo- 
lite. In the figure, A re- 
presents the compass-box, 
and B the card, which be- 
ing attached to the mag- 
netic needle, moves as it 
moves, round the agate 
centre, @, on which it is 
suspended. The circum- 
ference of the card is usu- 
ally divided to 15' of a de- 
gree, but it is doubtful 
whether an angle can be 
measured by it even to 
that degree of accuracy: cis a prism, which the observer looks 
through in observing with the instrument. The perpendicular 
thread of the sight-vane, E, and the divisions on the card appear 
together on. looking through the prism, and the division with which 
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the thread coincides, when the needle is at rest, is the magnetic 
azimuth of whatever object the thread may bisect. The prism is 
mounted with a hinge-joint, D, by which it can be turned over to 
the side of the compass-box, that being its position when put into 
the case. The sight-vane has a fine thread or horsehair stretched 
along its opening, in the direction of its length, which is brought 
to bisect any object, by turning the box round horizontally ; the 
vane also turns upon a hinge-joint, and can be laid flat upon the 
box, for the convenience of carriage. Fis a mirror, made to slide 
on or off the sight-vane E; and it may be reversed at pleasure, 
that is, turned face downwards; it can also be inclined at any 
angle, by means of its joint, d; and it will remain stationary on 
any part of the vane, by the friction of its slides. Its use is to 
reflect the image of an object to the eye of the observer when the 
object is much above or below the horizontal plane. When the 
instrument is employed in observing the azimuth of the sun, a dark 
glass must be interposed, and the coloured glasses represented at 
G are intended for that purpose; the joint upon which they act 
allowing them to be turned down over the sloping side of the 
prism-box. 

At ¢ is shown a spring, which being pressed by the finger at the 
time of observation, and then released, checks the vibrations of the 
card, and brings it more speedily to rest. A stop is likewise fixed 
at the other side of the box, by which the needle may be thrown 
off its centre; which should always be done when the instrument 
is not in use, as the constant playing of the needle would wear the 
point upon which it is balanced, and upon the fineness of the point 
much of the accuracy of the instrument depends. <A cover is 
adapted to the box, and the whole is packed in a leather case, 
which may be carried in the pocket without inconvenience. 

Prismatic compasses are now made with a silver graduated rim 
to the card, which is a vast improvement, and they should not be 
less than four inches in diameter. 

The method of using the instrument is very simple. First raise 
the prism in its socket }, until you obtain distinct vision of the 
divisions on the card, and standing at the place where the angles 
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are to be taken, hold the instrument to the eye, and looking 
through the slit o, turn round till the thread in the sight-vane 
bisects one of the objects whose azimuth, or angular distance from 
any other object is required; then, by touching the spring e, bring 
the needle to rest, and the division on the card which coincides 
with the thread on the vane, will be the azimuth or bearing of the 
object from the North or South points of the magnetic meridian. 
Then turn to any other object and repeat the operation; the differ- 
ence between the bearing of this object and that of the former, 
will be the angular distance of the objects in question. Suppose 
the former bearing to be 40° 30’ and the latter 10° 15’, both 
East or both West, from the North or South, the angle will be 
30° 15’. 

The divisions in some instruments are numbered from 0 to 180° 
South counting Eastward, and thence to 180° North counting 
Westward, others are numbered 5°, 10°, 15°, &c.:round the circle 
to 360°, 90° representing East, 180° South, 270° West, and 360° 
North. These are by far the best, as the least liable to error in 
recording the results in a Field Book, and are more generally 
understood by Natives. 

In using this instrument the variation of the needle must always 
be attended to, for if the fixed points above alluded to have been 
surveyed on the érue meridian of the earth, the variation of the 
needle (which will be treated of hereafter) must be added or de- 
ducted to the observed bearing to obtain the true meridional bear- 
ing of the line. 


Tue Surveyine Compass. 


The Surveying Compass consists of a compass-box, magnetic 
needle and two plain sights, perpendicular to the meridian line in 
the box, by which the bearings of objects are taken from one sta- 
tion to another; it is used for the same purpose as the Prismatic 
Compass, for filling in the interior detail of a survey by means of 
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The sights are attached in 
various ways for portability, 
but are now generally made to 
turn down on a hinge, in order 
to lessen the bulk of the in- 
strument and render it more 
convenient for carriage; the 
diameter of the box varies 
from 84 to 4 and 6 inches. 
Within the box is a graduated 
circle, the upper surface of 
which is divided into degrees 
only, and numbered 10°, 20°, 
30°, &c., up to 360°. The 
bottom of the box is divided 
into four parts or Quadrants, 
each subdivided into 90° num- 
bered from the North and 
South points each way, to the East and West points. The ob- 
server, therefore, has nothing to do, but to read off the actual 
number of degrees pointed out by the needle. This instrument is 
well adapted for first instruction of a Native, and is the same in 
principle as all the Vernacular Compasses made expressly for 
native use. 





THE CIRCUMFERENTOR. 


This instrument is constructed on the same principle as the 
Surveying Compass, as to its needle and divided circle, but it 
possesses the advantages of a graduated limb and vernier scale, 
whereby the unsteadiness of the needle and the difficulty of 
ascertaining with exactness the point at which it settles is obviated. 

By the help of this index, angles or bearings may be taken 
with much greater accuracy than by the needle alone; and, as an 
angle may be ascertained by the index with or without the needle, 
it of course removes the difficulties, which would otherwise arise 
if the needle should at any time happen to be acted upon or 
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drawn out of ita ordinary position by extraneous matter; 
there is a clamping screw beneath, not visible in the figure, 





whereby the index may be fastened to the bottom of the box, and 
a screw, to fix the whole to the pin of the ball and socket, so that 
the body of the instrument and the index may be either turned 
round together, or the one turned round, and fhe other fixed, as 
occasion nay require. 

This instrument is frequently made with two extra sights on the 
graduated circle, at the points 360° and 180°, when it possesses 
the same properties as the common Theodolite, and according as 
it is graduated, reads from 1 to 3 and 5 minutes. 


THE PLANE TABLE. 

The tabular part of this instrument is usually made of two 
well-seasoned boards, forming a parallelogram of sbout 15 inches 
long, and 12 inches broad, or 16 inches square; the size is occa- 
sionally varied to suit the intentions of the operator. 

The aforegaid parallelogram is framed with a ledge on each side 
to support a box frame B, which frame confines the paper on the 
table, and keeps it close thereto; the frame is therefore s0 con- 
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trived, that it may be taken off and put on at pleasure, either side 
upwards. Each side of the frame is graduated; one side is 
usually divided into scales of equal parts, for drawing lines 
parallel or perpendicular to the edges of the table, and also for 
more conveniently shifting the paper; the other face, or side of 
the frame, is divided into 360°, from a brass centre C in the 
middle of the table, in order that angles may be measured as 
with a Theodolite; on the same face of the frame, and on two 
of the edges, are graduated 180°; the centre of these degrees is 
exactly in the middle between the two ends, and about }th part 
of the breadth from one of the sides. 

A magnetic needle and 
compass box G, covered 
with a glass, slides in a 
dovetail on the under 
side of the table, and is 
fixed there by a finger 
screw ; it serves to point 
out the direction, and be 
a check upon the sights. 

There is also a brass 
index or ruler E, some- 
what longer than the 
diagonal of the tablt, at each end of which a sight is fixed FF; 
the vertical hair, and the middle of the edge of the index, are in 
the same plain; this edge is chamfered, and is usually called the 
fiducial edge of the index. Scales of different parts in an inch 
are usually laid down on one side of the index. 

Under the table is a spring to fit on the pin of the ball and 
socket, by which it is placed upon a tripod stand. 

The more simple instruments used in India, and which can best 
be made up in the country, will be further alluded to, under the 
head of Topographical Surveying. 

To place the paper on the table-—Take a sheet of paper that will 
cover it, and wet it to make it expand, then spread, it flat upon 
the table, pressing down the frame upon the edges to stretch it 
and keep it in a fixed situation; when the paper is zi it will, 
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by contracting, become smooth and flat. This is open to the 
objection, that after the paper has been once damped and stretched, 
it is easily acted upon by the hygrometrical state of the atmo- 
sphere. In reality, the framed board with divided edges is not 
necessary. This box-wood frame is entirely opposed to this 
country, as it warps immediately. A plain, substantial teak 
wood drawing board is far preferable, and on this, the drawing 
paper can be fastened on dry. . 

To shift the paper on the table—When the paper on the table 
is full, and there is occasion for more, draw a line in any manner 
through the farthest point of the last station line, to which the 
work can be conveniently laid down; then take off the sheet of 
paper, and fix another on the table; draw a line upon it in a 
part most convenient for the rest of the work; then fold, or cut 
the old sheet of paper by the line drawn on it; apply the edge 
to the line on the new sheet, and, as they lie in that position, con- 
tinue the last station line upon the new paper, placing upon it 
the rest of the measures, beginning where the old sheet left off, 
and so on from sheet to sheet. 

To fasten all the sheets of paper together, and thus form one 
rough plan, join the aforcsaid lines accurately together, in the 
same manner as when the lines were transferred from the old 
sheets to the new one. But if the joining lines upon the old and 
new sheets have not the same inclination to the side of the table, 
the needle will not point to the original degree when the table 
is rectified. If the needle therefore should respect the same 
degree of the compass, the easiest way of drawing the line in 
the same position is to draw them both parallel to the same sides 
of the table, by means of the scales of equal parts on the two sides. 

To use the table—Fix it at a convenient part of the ground, 
and make a point on the paper to represent that part of the 
ground. 

Run a fine steel pin or needle through this point into the table, 
against which you must apply the fiducial edge of the index, 
moving it gound till you perceive some remarkable object, or 
mark set up for that purpose. Then draw a line from the station 
point, along the fiducial edge of the index. 
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Now set the sights to another mark, or object, and draw that 
station line, and so proceed till you have obtained as many 
angular lines as are necessary from this station. 

The next requisite, is the measure or distance from the station 
to as many objects as may be necessary by the chain, taking at 
the same time the offsets to the required corners or crooked parts 
of the edges, setting off all the measures upon their respective 
“Jines upon the table. 

Now remove the table to some other station, whose distance 
from the foregoing was previously measured; then lay down the 
objects which appear from thence, and continue these operations 
till your work is finished, measuring such lines as are necessary, 
and determining as many as you can by intersecting lines of 
direction, drawn from different stations. 

The use of the instrument will be better understood from the 
following example, as given by Simms. 

In the annexed diagram, let the points marked ABO, &c., be 
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a few of an extensive series of stations, either fixed or temporary, 
the relative situations of which are required to be laid down upon 
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the plan. Select two stations, as I and K, (considerably distant 
from each other), as the extremities of a base line, from which 
the greatest number of objects are visible; then, if the scale to 
which the plan is to be drawn is fixed, the distance, IK, must be 
accurately measured, and laid off upon the board to the required 
scale; otherwise a line may be assumed to represent that distance, 
and at some subsequent part of the work, the value of the scale 
thus assumed must be determined, by measuring a line for that” 
purpose, and comparing the measurement with its length, as 
represented on the plan. 

Set up the instrument at one extremity of the base, suppose at 
I, and fix a needle in the table at the point on the paper represent- 
ing that station, and press the fiducial edge of the index gently 
against the needle. Turn the table about until the meridian line 
of the compass-card coincides with the direction of the magnetic 
needle, and in that position clamp the table firm. Then always 
keeping the fiducial edge of the index against the needle, direct 
the sights to the other station K, and by the side of the index 
draw a line upon the paper, to represent the base IK; when, if 
the scale is fixed, the exact length must be laid off, otherwise the 
point K may be assumed at pleasure on the line so drawn. 

But it is sometimes necessary to draw the base line first, when 
required, on some particular part‘of the board, so as to admit 
of the insertion of a greater portion of the survey; when this 
is the case, the index must be laid alung the line thus drawn, 
and the table moved till the further end of the base line is 
seen through both the sights; then fix the table in that position, 
and observe what reading on the compass-card (or bearing) tho 
needle points to, for the purpose of checking the future operations, 
and also for setting the table parallel to its first position, wher- 
ever if may afterwards be set up. It should be observed, that in 
placing it over any station, that spot on the table representing 
such station, and not the centre of the table, should be over the 
station on the ground : it may be so placed by dropping a plumb- 
line from the corresponding point on the underside of the table. 

Having fixed the instrument and drawn the base line, move 
the Index round the point I, as a centre, direct the sights to the 
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station A, and keeping it there, draw the line IA along the 
fiducial edge of the index. Then direct in the same manner to B, 
and draw the line 1B; and so proceed with whatever objects are 
visible from the station, drawing lines successively in the direction 
of CDE, &c., taking care that the table remains steady during 
the operation. 

This done, move the instrument to the station K, and placing 
‘the edge of the index along the line IK, turn the table about 
till the sights are directed to the station I, which if correctly 
done, the compass-needle will point to the same bearing as it did 
at the former station (in our example it was set to the meridian). 
Now move the needle from I, and fix it in the point K; lay the 
edge of the index against the needle, and direct the sights in 
succession to the points ABC, &c., drawing lines from the point 
K, in their several directions, and the intersection of these lines, 
with those drawn from the point I, will be their respective 
situations on the plan. 

To check the accuracy of the work, as well as for extending the 
Survey beyond the limits of vision at I and K, the table may be 
set up at any one or more of the stations thus determined, as at 
E; the needle being now fixed in the point E on the board, and 
the edge of the index placed over E and I (or K), the table may 
be moved round till the station I is seen through both the sights 
and then clamped firm; the compass will now again, (if all be 
correct) point out its former bearing, and any lines drawn from 
E., in the direction of ABC, &c., in succession, will pass through 
the intersection of the former lines denoting the relative places 
of those objects on the board; but should this not be the case with 
all, or any of the lines, it is evident that some error must exist, 
which can be detected only by setting the instrument up and 
performing similar operations at other stations. 

Having a number of objects laid down upon the plan, the 
situation of any particular spot, as the bend of a road, &c., may 
at once be determined, by setting the instrument up at the place, 
and turning the table about till the compass has the same bearing 
as at any one of the stations. Clamp the table firm and it will 
now be parallel to its former position, if no local attraction 
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prevents the magnetic needle from assuming its natural position at 
the different stations. Fix a needle in the point representing one 
of the stations, and resting the edge of the index against it, move 
the index till the station itself is seen through both the sights, and 
then draw a line on that part of the paper where the point is likely 
to fall. Remove the needle to another point or station on the 
board, and resting the index against it, direct the sights to 
the corresponding station on the ground, and draw a line along 
the edge of the index; the pomt where this line intersects the 
last, will be the situation on the paper of the place of the ob- 
server. But as a check upon the accuracy of the work, a third 
or even a fourth line should be drawn in a similar manner in the 
direction of other fixed points, and they ought also to intersect in 
the same point. 

In this manner the plane-table may be employed for filling in 
the details of a map; setting it up at the most remarkable spots, 
and sketching by the eye what is not necessary should be more 
particularly determined, the paper will gradually become a repre- 
sentation of the country to be surveyed. 
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THE VERNIER. 


Tue Vernier scale which is applied to instruments, both for 
measuring angles and distances when great accuracy is required, 
is a contrivance for measuring parts of the space between the 
equidistant divisions of a graduated scale. 

We will suppose that the horizontal circle of a Theodolite, 
which should be before the reader, is divided into 360 degrees, 
and that each division or degree is subdivided into half degrees, 
or 30 minutes: without such a contrivance as the Vernier, we 
ean only guess at the number of minutes, when the index does 
not exactly agree with one of the subdivisions; but by means of 
a Vernier, we are enabled to read off an angle on the circle of an 
ordinary Theodolite to a single minute; and may, if the hori- 
zontal circle be very large, read off to a few seconds with the 
greatest certainty. 


VERNIER SCALE—{o one minute of a degree. 





143 degrees, or 29 half-degrees. 


The construction of this ingenious contrivance is simple. Sup- 
pose we want to read off to one minute—Take the length of 29 
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half-degrees on the horizontal circle, and divide that distance 
into 30 equal parts; this forms the Vernier, which is marked 
for convenience, 5, 10, 15, 20, 25, 30, from one end, or the zero. 
Set the Vernier, which is so constructed as to slide evenly along 
the graduated limb of the instrument, to the horizontal circle, so 
that zero of the former may be in contact with zero of the circle; 
then the last division, marked 30, of the Vernier will, of course, 
agree with 142°, or 29 half-degrees of the circle, and the propor- 
tion of each division of the Vernier, will be to a division of the 
circle, as 29 to 30. If the zero of the Vernier be moved from 
the zero of the circle, then the first coincidence that takes place 
between a division of the Vernier with one on the circle, in- 
dicates the number of minutes passed over. To read off an angle 
en the horizontal circle, use a magnifying glass, and notice how 
many degrees have been passed over by the zero of the Vernier : 
For example: Let us suppose that the arrow at zero of the 
Vernier has passed the 21st degree of the circle: then, for the 
number of minutes in addition, look along the Vernier, until one 
of its divisions is found to agree exactly with a division on the 
circle below it: we will suppose, that the 14th division of the 
Vernier does so: then the angle is 21° 14’. 

It will be observed by an inspection of the instrument, that 
some of the divisional lines on the limb of the instrument are 
longer than others, and that they are numbered at every fifth, 
thus 0.5.10.15, &., the 0 being the starting point, or zero. The 
spaces between these lines represent degrees; and they are again 
subdivided by shorter lines, each smaller space representing a 
certain number of minutes. For instance, if the spaces are sub- 
divided into four parts, then there will be three short lines, each 
of which will indicate the termination of a space of 15 minutes; 
if there are six parts, there will be five short lines, and each 
will be at the end of a space of 10 minutes, reckoned from the 
commencement of the divisions. Likewise it will be observed, 
that some of the divisions on the Vernier are longer than others: 
these indicate in the same manner single minutes, and they are 
numbered from right to left: the extreme right one is the zero, 
or commencement of the index divisions, and it is marked 0 or 0 
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the shorter divisions shew fractions of minutes. If the spaces 
between each minute (or long division) contain three lines, each 
space will be 15 seconds, and if five, 10 seconds; the number of 
subdivisions between the minutes of the Vernier is usually, but 
not necessarily, the same as between the degrees on the limb, so 
that if the limb be divided into 20’, the Vernier is divided into 
20”; if the former be divided to 10’, the latter is divided 
to 10", &e. 

The limb of the instrument now supposed to be before us, 
is divided to 10’, and the Vernier reads to 10”, and by showing 
the manner of reading it off, we shall explain sufficiently the 
method of reading Verniers in general. If the zero division 
of the Vernier coincide (or form a straight line) with any line 
on the limb, then that line indicates the required angle; thus, if it 
coincide with the line marked 60, then 60 degrees is the angle ; 
if with the next long division, then 61 degrees will be the angle ; 
but if it coincide with one of the shorter lines between 60 and 61, 
then the angle will be 60 degrees, and a certain number of 
minutes, according to which of the short lines it coincides with. 
If it be the first, (of the instrument before us) the angle will be 
60° 10’, but if it coimcides with the second it will be 60° 20’, if 
with the third, 60° 30°", &c. But when it happens that the zero 
division of the index does not coincide with any division upon 
the limb, but stands between two of them, we must observe how 
many degrees and minutes are denoted by the division it has last 
passed, and look for a line on the Vernier that does coincide with 
one on the limb; and the number of minutes and seconds from 
that line to the zero of the index, added to the number read off 
upon the limb, gives the angle required. Thus supposing the 
index to stand between 10’ and 20’ beyond 60°, and the line on 
the Vernier denoting 6’ 10", (which is the line next beyond the 
one marked 6) coincides with any one on the limb, then this 
quantity, added to 60° 10, gives 60° 16° 10’, the angle 
required. 

On the limbs of small Theodolites, the spaces between the 
degrees are generally divided into two parts, consequently the 
short division represents 30’, and the divisions on the Vernier 
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are single minutes; a smaller subdivision must be estimated by 
the eye, which by a person accustomed to the instrument can 
be done to 15". 


Tue THEODOLITE. 

As an angular instrument the Theodolite has from time to 
time received such improvements, that it may now be considered 
the most important one employed in Surveying. They are of 
various modes of construction, but we shall bere confine ourselves 
to the two patterns in general use on the Indian Surveys. 

Description of the Theodolite.—This instrument (as represented 

in the next page) consists of two circular plates, A and B, called 
the horizontal limb, the upper, or vernier plate, A, turning freely 
upon the lower, both having a horizontal motion by means of the 
vertical axis, C. This axis consists of two parts, external and 
internal, the former secured to the graduated limb, B, and the 
latter to the vernier plate, A. Their form is conical, nicely fitted 
and ground into each other, having an easy and a very steady 
motion; the external centre also fits into a ball at D, and the 
parts are held together by a screw at the lower end of the internal 
axis. 
The diameter of the lower plate is greater than that of the 
upper one, and its edge is chamfered off and covered with silver, 
to receive the graduations: on opposite parts of the edge of the 
upper plate, or 180° apart, a short space, a, is also chamfered, 
forming with the edge of the lower plate a continued inclined 
plane: these spaces are likewise covered with silver, and form 
the verniers. The lower limb is usually graduated to 30 minutes 
of a degree, and it is subdivided by the vernier to single minutes, 
which being read off by the magnifying glass, E, half or even 
quarter minutes can easily be estimated. 

The parallel plates, F and G, are held together by a ball and 
socket at D, and are set firm and parallel to each other by four 
milled-headed screws, three of which, 4, , b, are shown in the 
figure ; these turn in sockets fixed to the lower plate, while their 
heads press against the under side of the upper plate, and being 
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set in pairs, opposite each other, they act in contrary directions ; 
the instrument by this means is set up level for observation. 
Beneath the parallel plates is a female screw adapted to the 
staff head, which is connected by brass joints to three mahogany 
legs, so constructed that when shut up they form one round staff 
secured in that form for carriage, by rings put on them; and 





when opened out they make a very firm stand, be the ground 
ever 80 uneven. 

The lower horizontal limb can be fixed in any position, by 
tightening the clamping screw, H, which causes the collar ¢, to 
embrace the axis, C, and prevent its moving; but it being 
requisite that it should be fixed in somo precise position more 
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exactly than can be done by the hand alone, the whole instru- 
ment, when thus clamped, can be moved any small quantity by 
means of the tangent screw, I, which is attached to the upper 
parallel plate. In like manner the upper or vernier plate can be 
fixed to the lower, in any position, by a clamp which is also 
furnished with a tangent-screw. The motion of this limb, and 
of the vertical arc, hereafter to be described, is sometimes effected. 
by a rack and pinion; but this is greatly inferior, where delicacy 
is required, to the slow motion produced by the clamp and tangent- 
screw. 

Upon the plane of the vernier plate, two spirit-levels, dd, are 
placed at right angles to each other, with their proper adjusting 
screws: their use is to determine when the horizontal limb is set 
level : & compass also is placed at J. 

The frames K and L support the pivots of the horizontal axis 
of the vertical arc (or semicircle) M, on which the telescope is 
placed. The arm which bears the microscope, N, for reading the 
altitudes or depressions, measured by the semi-circle, and denoted 
by the vernier, ¢, has a motion of several degrees between the bars 
of the frame, K, and can be moved before the face of the vernier 
for reading it off. Another arm clamps the opposite end of the 
horizontal axis by turning the screw, O, and has a tangent-screw 
at P, by which the vertical arc and telescope are moved very small 
quantities up or down, to perfect the contact when an observa- 
tion is made. 

One side of the vertical arc is inlaid with silver, and divided to 
single minutes by the help of its vernier; and the other sido 
shews the difference between the hypothenuse and base of a right- 
angled triangle, or the number of links to be deducted from each 
chain’s length, in measuring up or down an inclined plane, to 
reduce it to the horizontal measure. The level, which is shown 
under and parallel to the telescope, is attached to it at one end 
by a joint, and at the other by a capstan-headed screw, f, which 
being raised or lowered, will set the level parallel to the optical 
axis of the telescope, or line of collimation; the screw, g, at the 
opposite end, is to adjust it laterally, for truc parallelism in this 
respect. The telescope has two collars, or rings, of bell metal, 
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ground truly cylindrical, on which it rests in its supports, h, h, 
called Y’s, from their resemblance to that letter; and it is con- 
fined in its place by the clips, i, 4, which may be opened by 
removing the pins j, j, for the purpose of reversing the telescope, 
or allowing it a circular motion round its axis, during the adjust- 
ment. 

In the focus of the eye-glass are placed three lines, formed of 
spider’s web, one horizontal, and two crossing it, 80 as to include 
a small angle between them ; a method of fixing the wires which 
is better than having one perpendicular wire, because an object at 
a distance can be made to bisect the said small angle with more 
certainty that it can be bisected by a vertical wire. The screws 
adjusting the cross wires are shown at m: there are four of these 
screws, two of which are placed opposite each other, and at right 
angles to the other two, so that by easing one and tightening the 
opposite one of each pair, the intersection of the cross wires may 
be placed in adjustment. 

The object-glass is thrust outwards by turning the milled head 
Q, on the side of the telescope, that being the means of adjusting 
it to shew an object distinctly. 

A brass plummet and line are packed in the box with the 
Theodolite, to suspend from a hook under its centre, by which 
it can be placed exactly over the station from whence the observa- 
tions are to be taken: likewise, if required, two extra eye-pieces 
for the telescope, to be uscd for astronomical observations ; the one 
inverts the object, and has a greater magnifying power, but having 
fewer glasses possesses more light; the other is a diagonal eye-piece, 
which will be found extremely convenient when observing an 
object that has a considerable altitude, the observer avoiding the 
unpleasant and painful position he must assume in order to look 
fhrough the telescope when either of the other eye-pieces is 
applied. A small cap containing a dark-coloured glass is made 
to apply to the eye end of the telescope, to screen the eye of the 
observer from the intensity of the sun’s rays, when that is the 
object under observation. A magnifying glass mounted in a horn 
frame, a screw-driver, and a pin to turn the capstan-screws for 
the adjustments, are also furnished with the instrament. 
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THe ADJUSTMENTS. 

The first adjustment is that of the line of collimation; that is, 
to make the intersection of the cross wires coincide with the axis 
of the cylindrical rings on which the telescope turns: it is known 
to be correct, when an eye, looking through the telescope, observes 
their intersection continue on the same point of a distant object 
during an entire revolution of the telescope. The usual method 
of making this adjustment is as follows: ° 

First, make the centre of the horizontal wire coincide with 
some well-defined part of a distant object; then turn the telescope 
half round in its Y’s till the level lies above it, and observe if the 
same point is again cut by the centre of the wire; if not, move 
the wire one-half the quantity of deviation, by turning two of the 
screws at m, (releasing one, before tightening the other,) and 
correct the other half by elevating or depressing the telescope ; 
now if the coincidence of the wire and object remains perfect in 
both positions of the telescope, the line of collimation in altitude 
or depression is correct, but if not, the operation must be repeated. 
carefully, until the adjustment is satisfactory A similar proceed- 
ing will also put the vertical line correct, or rather, the point of 
intersection, when there are two oblique lines instead of a vertical 
one. 

The second adjustment is that which puts the level attached 
to the telescope parallel to the rectified line of collimation. The 
clips, #4, , being open, and the vertical arc clamped, bring the 
air-bubble of the level to the centre of its glass tube, by turning 
the tangent-screw, P; which done, reverse the telescope in its Y’s, 
that is, turn it end for end, which must be done carefully, that it 

may not disturb the vertical are, and if the bubble resume its former 
situation in the middle of the tube, all is right; but if it retires to 
one end, bring it back one-half, by the screw, f, which clevates or 
depresses that end of the level, and the other half by the tangent- 
screw, P: this process must be repeated until the adjustment is 
perfect ; but to make it completely so, the level should be adjusted 
laterally, that it may remain in the middle of the tube when in- 
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clined a little on either side from its usual position immediately 
under the telescope, which is effected by giving the level such an 
inclination, and if necessary turning the two lateral screws at g; if 
making the latter adjustment should derange the former, the whole 
operation must be carefully repeated. 

The third adjustment is that which makes the azimuthal axis, or 
axis of the horizontal limb, truly vertical. 

Set the instrument as nearly level as can be done by the eye, 
fasten the centre of the lower horizontal limb by the staff-head 
clamp, H, leaving the upper limb at liberty, but move it till the 
telescope is over two of the parallel plate-screws ; then bring the 
bubble of the level under the telescope, to the middle of the tube, 
by the screw P; now turn the upper limb half round, that is 180°, 
from its former position ; then, if the bubble return to the middle, 
the limb is horizontal in that direction; but if otherwise, half the 
difference must be corrected by the parallel plate-screws over which 
the telescope lies, and half, by elevating or depressing the telescope, 
by turning the tangent screw of the vertical arc; having done 
which, it only remains to turn the upper limb forward or backward 
90°, that the telescope may lie over the other two parallel plate- 
screws, and by their motion set it horizontal. Having now levelled 
the limb-plates by means of the telescope level, which is the most 
sensible upon the instrument, the other air-bubbles fixed upon the 
vernier plate, may be brought to the middle of their tubes, by merely 
giving motion to the screws which fasten them in their places. 

The vernier of the vertical arc may now be attended to; it is 
correct, if it points to zero when all the foregoing adjustments are 
perfect; and any deviation in it is easily rectified, by releasing 
the screws by which it is held, and tightening them again after 
having made the adjustment: or, what is perhaps better, note the 
quantity of deviation as an index error, and apply it, plus or minus, 
to each vertical angle observed. This deviation is best determined 
by repeating the observation of an altitude or depression in the re- 
versed, positions, both of the telescope and the vernier plate: the two 
readings will have equal and opposite errors, one-half of their diffe- 
rence being the index error. Such a method of observing angles is 


decidedly the best, since the mean of any equal number of observa- 
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tions taken with the telescope reversed inits Y’s, must be free from 
the effects of any error that may exist in the adjustment of the ver- 
nier, or zero of altitude. 

The Theodolite, as constructed in the manner we have described, 
is not inconveniently heavy, as the diameter of the horizontal limb 
seldom exceeds five inches ; but when the diameter is increased, the 
other parts must be made proportionably lazge and strong, and-the 
instrument becomes too weighty and cumbersome to be easily ied. 
from station to station. The object of increasing the dimensioms, is 
to enable the instrument to furnish more accurate results, by apply- 
ing a telescope of greater power, and by a more minute subdivision 
of the graduated arcs. With the increase of size, a small variation 
takes place in the construction, principally consisting in the addition 
of a second telescope, and in the manner of attaching the supports, 
K and L, to the horizontal limb, to afford the means of adjusting 
the horizontal axis, and of course, making the telescope and vertical 
aro move in a vertical plane. In the smaller instruments this is 
done by construction, but in the larger ones, the supports, K and 
L, are .attached to a stout frame, which also carries the compass 
box, instead of being fixed, as represented in our figure, to the upper 
horizontal plate. The frame is attached to the limb by three 
ca -headed screws, forming an equilateral triangle, two of them 
lying parallel to the horizontal axis, and the third in the directions 
of the telescope; the adjustment is made by means of these screws. 
To prove its accuracy, set up the Theodolite in such a situation that 
some conspicuous point of an elevated building may be seen through 
the telescope, both directly and by reflection, from a basin of water, 
or, what is better, of oil or quicksilver. Let the instrument be very 
correctly levelled, and if, when a vertical motion is given to the 
telescope, the cross wires do not cut the object seen, both directly 
and by reflection, it is a proof that the axis is not horizontal; and 
its correction is effected by giving motion to the screws above spo- 
ken of, which are at right angles to the telescope, or in the direc- 
tions of the horizontal axis; or a long plumb-line may be suspended, 
and if the cross wires of the telescope, when it is elevated and de- 
pressed, pass exactly along the line, it will be a proof of the hori- 
zontality of the axis. The third screw, or that which is under the 
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telescope, serves for adjusting the zero of altitude, or vernier of the 
vertical arc. 

A second telescope is sometimes attached to the instrument 
beneath the horizontal limb; it admits of being moved, both in a 
vertical and horizontal plane, and has a tangent screw attached for 
slow motion : its use is to detect any accidental derangement that 
may occur to the instrument whilst observing, which may be done 
by it in the following manner. After levelling the instrument, 
bisect, some very remote object with the cross wires of this second 
telescope, and clamp it firm; if the instrument is steady, the bisec- 
tion will remain permanent, whilst any number of angles are mea- 
sured, and by examining the bisection from time to time, during 
the operation at the place where the instrument is set up, any error 
arising from this cause may be detected and rectified. 

Having given a description of the common Theodolite, we now 
proceed to notice avery superior instrument, designed by Lieutenant « 
Colonel Everest, Bengal Artillery, the late Surveyor General of 
India, and manufactured by the celebrated makers, Troughton and 
Simms, generally known by the distinction of “ Everest’s Pattern,” 
and which is universally sought after by surveyors of the present 
day. The description of this instrument is given in “ Simms’ Trea- 
tise on Mathematical Instruments,”’ which book ought to be in the 
hands of every surveyor, but knowing from experience the difficulty 
of obtaining works of reference in the more distant parts of India, 
we have not hesitated in this, as well as in other instances, to borrow 
liberally from the work. These instruments are of the most perfect 
construction, and so admirably adapted for the purposes of the 
Revenue Survey, that too much praise cannot be bestowed on the 
makers ; in principle they are similar to Theodolites of much larger 
dimensions, and consequently their essential adjustments are made 
in the same manner. 

"The horizontal circle, or limb, A of this instrument consists of 
one plate only, which, as usual, is graduated at its circumference. 
The index is formed with four radiating bars, a, 6, ¢, d, having ver- 
niers at the extremities of three of them marked A, B and C, for 
reading the horizontal angles, and the fourth carries a clamp, ¢, to 
fasten the index to the edge of the horizontal limb, and a tangent- 
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screw, f, for slow motion. These are connected with the upper 
works which carry the telescope, and turning upon the same centre, 
show any angle through which the telescope has been moved. The 
instrument has also the power of repeating the measurement of an 
angie; for the horizontal limb being firmly fixéd to a centre, move- 
able within the tripod support, R, and governed by a clamp and 
tangent-screw, s, can be moved with the sante delicacy, and secured 
with as much firmness, as the index above it. 
The following figure represents an instrument of this kind: 





The tripod support, which forms the stand of the instrument, has 
a foot-screw at cach extremity of the arms which form the tripod ; 
the heads of the foot-screws are turned downwards, and have a 
flange (or shoulder) upon them, so that when they rest upon the 
triangular plate fixed upon the staff-head, another plate locks over 
the flange, and being acted upon by a spring, retains the whole in- 
strument firmly upon the top of the staff. The advantage of the 
tripod stand is, that it can easily be disengaged from the top of the 
staff, and placed upon a parapet or other support, in situations where 
the staff cannot be used. 

There is another kind of stand, much preferable to the one usually 
furnished with Instruments, and now in general use on the Revenue 
Surveys ; it consists of a wooden triangular frame, on which is fixed 
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the brass tripod of the Theodolite; the legs are attached to this 
frame by means of a brass bolt passing through the frame and head 
of the legs, with a screw and nut at each end, which serves to 
tighten or loosen the legs at pleasure, the other end of the legs 
being farnished with an iron spike. The stands are not perhaps so 
portable as those folding up into one piece, but they are generally 
more serviceable, and can be made much steadier for observations. 


NEW PATTERN OLD PATTERN 





The telescope is mounted in the following manner—The horizon- 
tal axis, L, and the telescope, M, form one piece, the axis crossing 
the telescope about its middle, and terminating at each extremity 
in a cylindrical pivot. The pivots rest upon low supports, (only 
one of them, D, being visible in the figure,) carried out from the 
centre, on each side, by a flat horizontal bar, F’, to which a spirit- 
level, G, is attached for adjusting the axis to the horizontal plane. 
The vertical angles are read off on two arcs of circles, H, H, which 
have the horizontal axis at their centre, and being attached to the 
telescope, move with it in a vertical plane. An index, upon the 
same centre, carries two verniers, I, I, and it has a spirit-level, K, 
attached to it, by which the index can be set in a horizontal posi- 
tion, so that whatever position the telescope, and consequently the 
graduated arcs, may have, when an observation is made, the mean 
of the two readings will denote the elevation or depression of the 
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object observed, from the horizontal plane. On the upper part of 
the telescope is fixed a narrow box, containing a magnetic needle, 
for observing the bearings of objects. 

The following are the adjustments of this instrument: First: to 
set the instrument level : to accomplish this, bring the spirit-bubble, 
G, attached to the horizontal bar, in a direction parallel to two of 
the foot-screws, and by their motion cause the air-bubble to assume 
a central position in the glass tube; then turn the telescope, level, 
&e. half round, and if the bubble is not central, correct half the 
deviation by raising or lowering one end of the level itself, and the 
other half by the foot-screws, which in this instrument perform an 
office similar to that of the parallel plate-screws of the Theodolite 
already described. 

Having perfected this part, turn the telescope a quarter round, 
and the level will be over the third foot-screw, which must be 

* moved to set the level correct, and this part of the adjustment will 
- be complete. 

The line of collimation must be next attended to: direct the te- 
lescope to some well-defined object, and make the vertical wire 
bisect it; then turn the axis end for end, an operation which of 
course inverts the telescope, and if the object be not now bisected 
by the vertical wire, correct half the deviation by the collimating 
screws at the eye-end of the telescope, and the other half by giving 
motion in azimuth to the instrument, and this must be repeated till 
the adjustment is satisfactorily accomplished. 

Finally, for the zero of altitude. Take the altitude or depression 
of an object with the vertical sector in reversed positions ; half the 
sum will be its true altitude, or depression, and to this, let the ver- 
niers beset. Again carefully direct the telescope to the object, 
making the bisection by the screws which retain the index in a ho- 
rizontal position, and finally correct the level by the adjusting 
screws at one of its ends. 


THe METHOD OF OBSERVING WITH THE THEODOLITE. 
To level the instrument.—The instrument being placed exactly 
over the station from whence the angles are to be taken, by means 
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of the plumb-line suspended from its centre, it must be set level by 
the foot-screws Q,Q,Q. Thus: place the level G, in a direction 
parallel to two of the foot screws, when the end of the level K, will 
fall over the third foot-screw; by the motion of the foot-screws 
under the level G, turn them both inwards or both outwards, accord- 
ing as you want the bubble to go to the right or left, until it be- 
comes stationary in the middle: then proceed to the third foot- 
screw, and turn it to the right or left, until the bubble in the level 
K, also becomes stationary in the middle. In performing this last 
operation, the level G, will be perhaps thrown out, which must be 
again levelled, and another examination made of the level K. 
When both bubbles remain stationary in the middle, the instrument 
is ready for observation. 

To observe an angle.—By means of the clamp, e, and tangent- 
screw, f, set the vernier marked A. to 360°; then turn the limb 
round, and with the lower clamp and tangent-screw, s, fix the cross- 
wires in the telescope on any object. Then loosen the upper clamp, 
e, and turn the upper limb round, fixing the cross-wires by the 
same clamp and tangent-screw on any other object; the angle sub- 
tended can be then read off on the instrument. 

Another method.—Clamp the lower horizontal limb firmly in any 
position, and direct the telescope to one of the objects to be observed, 
moving it till the cross-wires and object coincide ; then clamp the 
upper limb, and by its tangent-screw make the intersection of the 
wires nicely bisect the object; now read off the two verniers, the 
degrees, minutes, and seconds of (either) one, which call A, and the 
minutes and seconds only of the other, which call B, and take the 
mean of the readings thus :— 


A = 142° 36 30’ 
B=, 387 0 


Mean = 142 36 45 


Next release the upper plate, and move it round until the telescope 
is directed to the second object (whose angular distance from the 
first is required,) and clamping it, make the cross-wires bisect this 
object, as was done by the first; again read off the two verniers, 
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and the difference between their mean, and the mean of the first 
reading, will be the angle required. 

To repeat an angle—Leave the upper plate clamped to the lower, 
and release the clamp of the latter ; now move the whole instrument 
(bodily) round towards the first object, till the cross-wires are in 
contact with it; then clamp the lower plate firm, and make the 
bisection with the lower tangent-screw. Leaving it thus, release 
the upper plate, and turn the telescope towards the second object, 
and again bisect it by the clamp and slow motion of the upper 
plate. This will complete one repetition, and if read off, the diffe- 
rence between this, and the first reading will be double the real 
angle. It is, however, best to repeat an angle four or five times ; 
then the difference between the first and last readings (which are 
all that it is necessary to note) divided by the number of repetitions 
will be the angle required. 

The magnetic bearing of an object is taken, by simply reading 
the angle pointed out by the compass-needle, when the object is 
bisected ; but it may be obtained a little more accurately by moving 
the upper plate (the lower one being clamped) till the needle reads 
zero, at the same time reading off the horizontal limb ; then turning 
the upper plate about, bisect the object and read again ; the difference 
between this reading and the former will be the bearing required. 

In taking angles of elevation or depression, it is scarcely necessary 
to add, that the object must be bisected by the horizontal wire, or 
rather by the intersection of the wires, and that, after observing the 
angle with the telescope in its natural position, it should be repeated. 
with the telescope turned half round in its Y’s, that is, with the 
level uppermost ; the mean of the two measures will neutralize the 
effect of any error that may exist in the line of collimation. 

The altitude and azimuth of a celestial object may likewise be 
observed. with the Theodolite, the former being merely the elevation 
of the object taken upon the vertical arc, and the latter, its hori- 
zontal angular distance from the meridian. 

We here suggest a few hints on the use of these delicate 
instruments. 

Ist. They must not be handled roughly. In taking them in and 
out of the box, it should be done with the greatest care, not knock- 
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ing them against the sides of the box or forcing them into their 
positions within it ; the boxes are so constructed, that the instrament 
fits exactly into its own place, and unless it settles down of itself, 
forcing it will throw the instrument out of adjustment. 

2nd. Never permit a Native Surveyor to apply oil to any part of 
the instrument, under the idea that it will work easier; a new in- 
strument will perhaps work stiff at first, but a very few days’ use 
will rectify it, the application of oil is nothing but a resting place 
for dust that is always flying about in the field ; this dust works up 
into the various screws, wears them, and at the end of six months 
the instrument requires repair, or is next to useless ; if oil be neces-, 
sary, it should be applied by the assistant, and then wiped off as 
dry as possible. 

3rd. Always throw the needle off its centre by the stop fixed on 
one side of the box, when the instrument is not in use, as the con- 
' stant playing of the needle wears the pivot upon which it is balanced, 
and on the fineness of this point depends the accuracy of the bear- 
ing. This is equally applicable to the Prismatic Compass and 
Circumferentor. ° 

4th. Always wipe the dust off the instrument on commencing 
and finishing a day’s work, with a camel hair brush, as this will 
tend to prevent any accumulation of dirt about it: a Surveyor 
should partly be judged of by the state of his instruments. 

5th. When once the variation of the needle is ascertained, never 
remove the box from off the telescope, for unless it be screwed on 
again, in the exact position it originally was, the variation of the 
needle will alter. 

6th. On the care a Surveyor takes of his Theodolite, depends 
much of the accuracy of his work; if he neglect and be careless 
about the former, he will one day have to lament over the accumu- 
lated errors of the latter. 

7th. Native agency being employed to a very great extent in the 
Revenue Surveys, the strictest surveillance is necessary on the part 
of assistants to guard against the great negligence in this respect 
generally prevalent amongst native surveyors. It is the duty also 
of the Revenue Surveyor to examine, and personally satisfy himself, 
that his instruments are in efficient working order. 
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Tre Box orn Pocxrr SEXxTant. 


Tue Pocket Sextant combines numerous valuable properties: it 
measures an angle to one minute of a degree, requires no support 
but the hand, may be used on horseback, maintains its adjustment 
long, and is easily re-adjusted when put out of order. It will de- 
termine the latitude by a meridian altitude to one minute; and an 
approximation may even be made with it to the longitude, by means 
of lunar observations. Further, it is very portable, forming when 
shut up, a circular box under 3 inches in diameter, and only 14 
inches deep. 





The above figure represents the instrument screwed to its 
box, for convenience of holding in the hand, and with the tele- 
scope drawn out. A is the index arm, having a vernier ad- 
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justed to the graduated arc B, which latter is numbered to 140°, 

but the sextant will not measure an angle greater than about 125°. 

The index is moved by the milled head C, acting upon a rack and 
pinion in the interior. Two mirrors are placed inside; the large 
one, or index mirror, is fixed to, and moves with, the index: the 
other, called the horizon glass, is only half-silvered. The proper 
adjustment of the instrument depends on these glasses being paral- 
lel, when the index is at zero—while they are, at the same time, 
perpendicular to what is termed the plane of the instrument, repre- 
sented by its upper surface or face. To observe whether the instru- 
ment is in perfect adjustment, remove the telescope by pulling it 
out, and supply its place with a slide for the purpose, in which is a 
small hole to look through : then place the index accurately at zero, 
and direct the instrument, holding it horizontally, towards the 
sharp angle of a building, not less than half a mile distant, applying 
the eye so as to see both through the hole in the slide, and also 
through the unsilvered part of the horizon glass: the same object 
ought then to be so reflected from the index mirror to the silvered 
part of the horizon glass, as to seem but one with the object seen 
direct: if such be not the case, a correction becomes necessary, 
which is thus performed: D is a key, removable at pleasure, that 
fits two keyholes, the one at a, the other at 6. Apply this key at 
a, and gently turn, until the reflected object, and the one seen di- 
rect, seem but as one. The glasses are then parallel. 

The next point is to examine whether the horizon glass is perpen- 
dicular to the plane of the instrument. For this purpose, hold the 
sextant horizontally, and look at the distant horizon ; then, if any 
adjustment be wanted, two horizons will appear, or the reflected one 
will be higher or lower than the one seen direct ; should this be the 
case, apply the key at 0, so as to bring the two horizons to- 
gether. It must be observed that the large, or index mirror, being 
correct by construction, it can want no alteration. 

By looking at the sun, we can always satisfy ourselves with 
respect to the adjustments; the telescope has a dark glass at the eye 
end, and with this on, we have only to place the index at zero, and 
using the telescope, to look at the sun—when, provided the instru- 
ment is in exact adjustment, one perfect orb only will be seen. If 
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the reflected image project beyond the other, then correction is 
necessary. The full moon will answer as well as the sun for this 
purpose; but the dark glass at the eye end of the telescope must 
then be removed. The instrument is provided with two other dark 
glasses, which sink out of the way by raising two little levers at f. 

It has been mentioned above, that for trying the adjustments of 
the sextant, an object must be half a mile off; this is on account of 
what is called the parallax of the instrument, occasioned by the ne- 
ceasity of placing the eye of the observer on one side of the index 
mirror. Could we look from the middle of it, there would be no 
parallax ; which is the angle subtended by the point of vision, and 
centre of the index glass, when observing any near object : conse- 
quently, as the distance of an object is increased, this angle 
diminishes, and at length, becomes as nothing when compared with 
it. Half a mile is considered sufficient for all error to vanish, but 
at half that distance, it is scarcely perceptible. 

To take an angle, the observer looks either through the telescope, 
or hole in the slide (having previously raised the levers of the dark 
glasses at /), at the eft hand object, holding the sextant horizontally 
in his left hand ; with his right, he turns the milled head C, until 
the other object, reflected from the index glass, appears upon the 
silvered part of the horizon glass, exactly covering or agreeing 
with the left hand object, seen direct through the unsilvered portion 
of the horizon glass: the angle is then obtained by the vernier to 
one minute. 

Ifthe required angle be a vertical one, the sextant is held in a 
vertical position, by the right hand, while the left turns the milled 
head C, until the object is brought down to the horizon. 

When the altitude of a celestical body is taken at sea, it is brought 
down, as the term is, to the natural horizon, aud the measure of the 
angle, or height of the object, is read off upon the graduated arc: 
but on land, the natural horizon can seldom be used, on account of 
its irregularity ; recourse is then had to, whatis called, an artificial 
horizon, (page 134) such as a vessel containing water, mercury or 
other fluid. The observer then places himself in a situation, to see 
the reflected image of the sun, or other body, in the fluid: he has 
only then to bring down the image, as reflected from the index 
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glass, until it reaches its reflection in the fluid: the altitude will 
then be /a/f the number of degrees, indicated by the graduated are, 
subject to certain corrections, not necessary to be explained here. 

The height and distance of objects, as walls or buildings, 
whether accessible or otherwise, may be obtained in a very simple 
and expeditious manner with the sextant, by means of the little 
table below :— 


Multipher. Je. Divisor 
| ee 45° 00 - 45°00 ...... 1 
2. wewsee 63 26 ...... 26 34 ...... 2 
O -acewes TL OE vatews 18 26) sce 3 
- a ee 75 58 ok eee 14 02. ...... 4 
er 78 41) J... 8 ee | See ogee 5 
GC -auiwsas 80 32 ...... D208" heeds 6 
S ssrer 82 52 ...... 7 O08 cesses 8 
| B4°1l wae ese 5 48 ...... 10 


Make a mark upon the object, if accessible, equal to the height of 
your eye from the ground. Set the index to one of the angles in 
the table, and retire on /evel ground, until the top is brought by the 
glasses to coincide with the mark; then, if the angle be greater 
than 45°, multiply the distance by the corresponding figure to the 
angle in the table; if it be less, divide—and the product, or 
quotient, will be the height of the object above the mark. Thus, 
let EB be a wall, whose height we want to know; and 26° 34 the 
angle selected. Make a mark at D 
equal to the height of the eye ; then 
step back from the wall, until the a 
top at E is brought down by the wc 
glasses to coincide with the mark : 
measure the distance AB, namely, 
from your station to the wall, and = r 
divide that distance by 2, the figure corresponding to 26° 34, this 
will give the height DE, to which BD must be added. 

The parallax of the instrument exerts an influence on measure- 
ments of this kind, from the object being near. To correct it, we 
have only to ascertain its amount, by placing the index at zero, 
and looking through the instrument at the top of the wall ; when, if 
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influenced by parallax, it will appear as a broken line; but by mov- 
ing the index a little way on the are of excess, or to the left of zero, 
the broken line will reunite, and the adjustment be effected. When 
any quantity is taken thus on the arc of excess, the amount must be 
deducted, when setting the instrument to any of the tabular angles. 

When the object is inaccessible—set the index to the greatest of 
the divisor angles in the table, that the least distance from the 
object will admit of, and advance or recede, till the top of it 
be brought down by the sextant to a level with the eye; at this 
place, set up a staff, equal to the height of the eye. Then set the 
index to one of the lesser angles, and retire in a line from the 
object, till the top be brought to coincide with the staff, set up to 
indicate the height of the eye; place a mark here, and measure the 
distance between the two marks ; this, divided by the difference of 
the figures opposite the angles used, will give the height of the 
object above the height of the eye or mark. or the distance, mul- 
tiply the height of the object by the numbers against either of the 
angles made use of, and the product will be the distance of the 
object from the place where such angle was used. 

The above will be understood better by means of a diagram. 
Let AB be a wall, not to be approached nearer than C; and that 
we find, upon trial, that this distance admits of our using the angle 


ad 


> 





45°; assume a point E on the wall, as the height of the eye; then 
the index being set to 45°, fix yourself so that the glasses shall 
bring the top A to coincide with E. At this point, place a staff, 
CG, equal to the height of the eye. Now select any one of the 
lesser angles from the tables—18° 26’, for instance, and retire until 
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the point A agrees with the top of the staff CG, which occurs at F. 
Place a mark at F, and measure the distance from F to G; which, 
divided by 2, the difference of the numbers opposite to the angles 
used, will give AE—to which add BE—=CG, the height of the eye, 
and the total height AB is obtained. Then, for the distance—the 
height AE, multiplied by 3, its corresponding figure, will give the 
length DE: and AE multiplied by 1, will, in like manner, give 
GB = AE in this instance. 

Horizontal distances, as well as heights, may be ascertained by 
means of the table, where the ground is level. Thus suppose, we 
wish to measure the breadth of a river, denoted by the line AB: 
set the index to an angle of the table; place a mark at B, and 
proceed. in a direction C, at right angles to AB, until the glasses 
of the instrument shew 
A and B in contact: 
then will the distance 3 
AB be a product or S== 
quotient of the base BC, a 
according to the angle 
used. For instance, if 





used, then must the 
distance BC be divided by 2. 

The method of determining heights and distances by the small 
table, is valuable, as the operations are speedily performed, and 
with tolerable accuracy ; while it enables us to dispense with loga- 
rithmic tables and trigonometry. 

The pocket sextant is very useful, when taking offsets: set the 
index to 90°, and walk along the station line; then, when you wish 
to ascertain at what point any mark or object becomes prependicular 
to the station line, you have only to look through the sextant at 
the left hand object, and move forward or backward until the two 
objects, namely, the offset mark, and that on your station line, are 
brought to coincide. Or, if you wish to lay off a line at right 
angles to another, send your assistant with a staff in the required 
direction, and having set the index at 90°, cause him to move right 
or left until his staff and your other mark are made to agree. 
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Toe SExranr. 


Tae Sextant is an instrument for determining the angles of 
elevation of objects, or the altitudes of celestial bodies. To a 
Surveyor, who generally has only Theodolites of small dimensions, 
it is most useful for determining his latitude or longitude. The 
principle of its construction may be gathered from the following 
demonstrations : 

Let ABC represent a Sextant, having 
an index, AG, (to which is attached a 
mirror at A) movable about A as a 
centre, and denoting the angle it has 
moved through, on the arc, BC: also let 
the half-silvered (or horizon) glass, a 6, 
be fixed parallel to AC; now a ray of 
light, SA, from a celestial object, 8, im- 
pinging against the mirror, A, is re- 
flected off at an equal angle, and striking 
the half-silvered glass at D, is again 
reflected to E, where the eye likewise 
receives, through the transparent part of that glass, a direct ray from 
the horizon. Then the altitude, SAH, is equal to double the angle, 
CAG, measured upon the limb, BO, of the instrument. 

For the reflected angle, BAG (or DAF) = the incident angle, 
SAT, and the reflected, angle 1DE =the incident aDA = DAE= 
DEA, because a b is parallel to AC. Now, HAI = DFA,= 
(FAE + FEA), and DAE, being equal to DEA, it follows that 
HAI = (DAE-+- FAE). From HAI and (DAE + FAE ) take 
the equal angles, SAI and DAF, and there remains SAH = 
2 FAE, or 2 GAO; or, in other words, the angle of elevation, 
SAH, is equal to double the angle of inclination of the two mirrors, 
DGA, being equal to GAC. 

Hence the are on the limb, BO, although only the sixth part of 
8 circle, is divided as if it were 120°, on account of its double being 
required as the measure of CAB, and it is generally cxtended 
to 140°. 

The annexed figure represents a sextant of Troughton’s con- 
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struction, having a double frame, AA, connected by pillars, a a, 
&o. thus uniting strength with lightness. The arc, BO, is ge- 
nerally graduated to 10’ of a degree, commencing near the end, O, 
and it is numbered towards B. The divisions are also continued 
on the other side of zero, towards O, forming what is called the arc 
of excess, which is useful in determining the index error of the in- 
strument, as will be explained hereafter. The limb is subdivided 
by the vernier, E, into 10’, the half of which (or 5") can be easily 
estimated : this small quantity is easily distinguishable by the aid 
of the microscope, H, and its reflector, 6, which are connected by 
an arm of the index, IE, at the point, c, round which it turns as a 
centre, affording the means of examining the whole vernier, the 
connecting arm being long enough to allow the microscope to pass 
over the whole length of it. 





To the index is attached a clamp to fasten it to the limb, and a 
tangent screw, J, (in the plate, the clamp is concdaled from view) 
by which the index may be moved any small quantity, after it is 
clamped, to render the contact of the objects observed more perfect 
than can be done by moving it with the hand alone. The upper 
end, I, terminates in a circle, across which is fixed the silvered- 
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index glass, F, over the centre of motion, and perpendicular to the 
plane of the instrument. To the frame at G is attached a second 
glass, called the horizon glass, the lower half of which only is 
silvered : this must likewise be perpendicular to the plane of the 
instrument, and in such a position that its plane shall be parallel to 
the plane of the index-glass, F', when the vernier is set to 0° (or 
vero) on the limb, BO. A deviation from this position constitutes 
the index error before spoken of. 

The telescope is carried by a ring, L, attached to a stem, ¢, 
called the up-and-down piece, which can be raised or lowered by 
turning the milled screw, M: its use is to place the telescope so 
that the field of view may be bisected by the line on the horizontal 
glass that separates the silvered from the unsilvered part. This is 
important, as it renders the object seen by reflection, and that by 
direct vision equally bright; two telescopes and a plane tube, all 
adapted to the ring L, are packed with the sextant, one showing 
the objects erect, and the other inverting them; the last has a 
greater magnifying power, showing the contact of the images much 
better. The adjustment for distinct vision is obtained by sliding 
the tube at the eye-end of the telescope in the inside of the other ; 
this also is the means of adapting the focus to suit different eyes. 
In the iffverting telcscope are placed two wires, parallel to each 
other, and in the middle of the space between them the observa- 
tions are to be made, the wires being first brought parallel to the 
plane of the sextant, which may be judged of with sufficient oxact- 
ness by the eye. When observing with this telescope, it must be 
borne in mind, that the instrument must be moved in a contrary 
direction to that which the object appears to take, in order to keep 
it in the field of view. 

Four dark glasses, of different depths of shade and colour, are 
placed at K, between the index and horizon glasses; also three 
more at N, any one or more of which can be turned down to mo- 
derate the intenfiity of the light, before reaching the eye, when a 
very luminous object (as the sun) is observed. The same purpose is 
effected by fixing a dark glass to the eye-end of the telescope : one 
or more dark glasses for this purpose generally accompany the in- 
strument. They however are chiefly used when the sun’s altitude 
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is observed with an artificial horizon, or for ascertaining the index 
error, as employing the shades attached to the instrument for such 
purposes, would involve in the result any error which they might 
possess. The handle, which is shown at O, is fixed at the back of 
the instrument. The hole in the middle is for fixing it to o stand, 
which is useful when an observer is desirous of great steadiness. 


Or THE ADJUSTMENTS. 


TE requisite adjustments are the following: the index and ho- 
rizon-glasses must be perpendicular to the plane of the instrument, 
and their planes parallel to each other when the index division of 
the vernier is at 0° on the arc, and the optical axis of the telescope 
must be parallel to the plane of the instrument. We shall speak 
separately of each of these adjustments. 


To examine the Adjustment of the Index-glass. 


Move the index forward to about the middle of the limb, then, 
holding the instrument horizontally with the divided limb from 
the observer, and the index-glass te the eye, look obliquely down 
the glass, so as to see the circular arc, by direct view and by reflec- 
tion, in the glass at the same time; and if they appear as one 
continued arc of a circle, the index-glass 1s in adjustment. If it 
require correcting, the arc will appear broken where the reflected 
and direct parts of the limb meet. This in a well made instrument 
is seldom the case, unless the sextant has been exposed to rough 
treatment. As the glass isin the first instant set might by the 
maker, and firmly fixed in its place, its position is not liable to 
alter, therefore no direct means are supplied for its adjustment. 


To examine the horison-glass, and set tt perpendicular to the 
Plane of the Sextant. 


The position of this glass is known to be right, when by a sweep 
With the index, the reflected image of any object passes exactly 
over or covers its image os seen directly ; and any error is easily 
rectified by turning the small screw, i, at the lower end of the 
frame of the glass. 
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To examine the Parallelism of the Planes of the two Glasses, 
when the Index t3 set to Zero. 


This is easily ascertained; for, after setting the zero on the index 
to zero on the limb, if you direct your view to some object, the sun 
for instance, you will see that the two images (one seen by direct 
vision through the unsilvered part of the horizon-glass, and the 
other reflected from the silvered part) coincide or appear as one, if 
the glasses are correctly parallel to each other; but if the two 
images do not coincide, the quantity of their deviation constitutes 
what is called the index error. The effect of this error on an 
angle measured by the instrument is exactly equal to the error 
itself: therefore, in modern instruments, there are seldom any 
means applied for its correction, it being considered preferable to 
determine its amount previous to observing, or immediately after, 
and apply it with its proper sign to each observation. The amount 
of the index error may be found in the following manner: clamp 
the index at about 30 minutes to the left of zero, and looking to- 
wards the sun, the two images will appear either nearly in contact 
or overlapping each other; then perfect the contact, by moving 
the tangent-screw, and call the minutes and seconds denoted by 
the vernier, the reading on the arc. Next place the index about 
the same quantity to the right of zero, or on the arc of excess, and 
make the contact of the two images perfect as before, and call the 
minutes and seconds on the arc of excess* the reading of the arc; 
and half the difference of, these numbers is the index error; 
additive when the reading on the arc of excess is greater than that 
on the limb, and subtractive when the contrary is the case. 


EXAMPLE. . & 
Reading on the arc ............ 31 56 
» Off the arc .........0.. 31 22 
Difference .......ccccccceces 0 34 
Index error ............=— 090 17 


* When reading off the arc of excess, the vernicr must be read backwards, or from 
its contrary end. 
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In this case the reading on the are being greater thon that on 
the arc of excess, the index error, = 17 seconds, must be subtracted 
from all observations taken with the instrument, until it be found, 
by a similar process, that the index error has altered. One obser- 
vation on each side of zero is seldom considered enough to give the 
index error with sufficient exactness for particular purposes; it is 
usual to take several measures each way; “and half the difference 
of their means will give a result more to be depended upon than one 
deduced from a single observation only on each side of zero.” A 
proof of the correctness of observations for index error is obtained 
by adding the above numbers together, and taking one fourth of 
their sum, which should be equal to the sun’s semi-diameter, as 
given in the Nautical Almanac. When the sun’s altitude is low, 
not exceeding 20° or 30°, his horizontal instead of his perpendicular 
diameter should be measured, (if the observer intend to compare 
with the Nautical Almanac, otherwise there is no necessity) ; 
because the refraction at such an altitude affects the lower border 
(or limb) more than the upper, so as to make his perpendicular 
diameter appear less than his horizontal one, which is that given in 
the Nautical Almanac: in this cage the sextant must be held 
horizontally. 


To make the Inne of Colhmation of the Telescope parallel to the 
Plane of the Sextant. 


This is known to be correct, when the Sun and Moon, having a 
distance of 90° or more, are brought into contact just at the wire 
of the telescope which is nearest the plane of the sextant, fixing the 
index, and altering the position of the instrument to make the 
objects appear on the other wire; if the contact still remain 
perfect, the axis of the telescope is in proper adjustment ; if not, it 
must be altered by moving the two screws which fasten, to the up- 
and-down piece, the collar into which the telescope screws. This 
adjustment is not very liable to be deranged. 

Having now gone through the principle and construction of the 
sextant, it remains to give some instructions as to the manner of 
using it. 

It is evident that the plane of the instrument must be held in the 
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plane of the two objects, the angular distance of which is required : 
in a vertical plane, therefore, when altitudes are measured ; in a 
horizontal or oblique plane, when horizontal or oblique angles are 
to be taken. As this adjustment of the plane of the instrument is 
rather difficult and troublesome to the beginner, he need not be 
surprised nor discouraged, although his first attempts may not 
answer his expectations. The sextant must be held in the right 
hand, and as slack as is consistent with its safety, for in grasping it 
too hard the hand is apt to be rendered. unsteady. 

‘When the altitude of an object, the sun for instance, is to be ob- 
served, the observer, having the sea horizon before him, must turn 
down one or more of the dark glasses, or shades, according to the 
brilliancy of the object ; and directing his sight to that part of the 
horizon immediately beneath the sun, and holding the instrument 
vertically, he must with the left hand lightly slide the index for- 
ward, until the image of the sun, reflected from the index-glass, 
appear in contact with the horizon, seen through the unsilvered 
part of the horizon glass. Then clamp it firm, and gently turn the 
tangent screw, to make the contact of the upper or lower limb of 
the sun and the horizon perfect, when it will appear a tangent to 
his circular disc.* If an artificial horizon be employed, the two 
images of the sun must be brought into contact with each other ; 
but this will be explained when speaking of that instrument. To 
the angle read off apply the index error, and then add or subtract 
the sun’s semi-diameter, as given in the Nautical Almanac, accord- 
ing as the lower or upper limb is observed, to obtain the apparent 
altitude of the sun’s centre. Before we can use this observation for 
determining the time, the latitude, &c., it must be further corrected 
for refraction and parallax, to obtain the true altitude, subtracting 
the former and adding the latter; and when the sea horizon is em- 
ployed, a quantity must also be subtracted for the dip, which is 


* If the observer know his latitude approximately, he may find the mendional 
altitude nearly, to which he may previously set his instrument, when he will not only 
find his object more easily, but have only a small quantity to move the index to perfect 
the observation. 

Take from the Nautical Almanac the dochnation of the object, and:f 1t be of the same 
name with the latitude, add it to the co-latitude , if of a different name, subtract it , the 
sum or difference will be the meridian altitude. 
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unnecessary when the altitude is taken by means of an artificial 
horizon. 


EXAMPLE ee 

Obs. alt. of the sun’s lower limb.......... =61 18 5 

Uniden JGrTOP obs dein b.cscd eee cake wadedeees == 17 
Apparent altitude ........... cc cece oees =61 12 48, 0 
» §Sun’s semi-diameter ................22- 15 46, 9 
ge: pOPAUlaX:. .46ciciedewsenesases =+ 0 4 0 
Refraction .........cesecees- — 34', 4 61 28 38, 9 
Dip of the horizon, for an ele- e = 4 37, 4 
vation of 18 feet ee ae 200 SS 


True altitude of the sun’s centre,...........=261 24 1, 5 








If the observer be ignorant of the precise moment of the object’s 
being on the meridian, he should, by a slow and gradual motion of 
the tangent screw, keep the observed limb in contact with the 
horizon as long as it continues to rise; and immediately on the 
altitudes appearing to diminish, cease from observing, and the 
angle then read on the instrument will be the meridian altitude. 

The angular distances of terrestrial objects are measured by the 
sextant in the same manner as those of celestial ones; but if the 
objects are not in the same horizontal plane, a reflecting instrument 
will not give their horizontal angular distance. But this may be 
obtained nearly by measuring their angular distances from an 
object in or near the horizon, which subtends a great angle with 
both, and the sum, or the difference of the angles so measured, will 
be nearly the required horizontal angle. 

Of the sextant, it has been said, that it is in itself a portable 
observatory ; and it is doubtless one of the most generally useful 
instruments that has ever been contrived, being capable of furnish- 
ing data to a considerable degree of accuracy for the solution of a 
numerous class of the most useful astronomical problems ; affording 
the means of determining the time, the latitude and longitude of a 
place, &c., for which, and many other purposes, it is invaluable 
to the Surveyor. 


* An observation of a star requires no correction for exther parallax or semi-diameter. 
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On THE Antiriciat Horizon. 

WHen the altitude of a celestial object is to be taken at sea, the 
observer has the natural (or sea) horizon, as a line of departure ; 
but on shore, he is obliged to have recourse to an artifical one to 
which his observations may be referred : this consists of a reflecting 
plane parallel to the natural horizon, on which the rays of the sun 
or other object falling, are reflected back to an eye placed in a 
proper position to receive them ; the angle between the real object, 
and its reflected image being then measured with the sextant, is 
double the altitude of the object above the horizontal plane. 

Various natural as well as artificial reflecting surfaces have been 
made by mechanical arrangements, to afford the means of obtaining 
double angles: such as pouring water, oil, treacle, or other fluid 
substances into a shallow vessel; and to prevent the wind giving a 
tremulous motion to its surface, apiece of thin gauze, talc, or plate- 
glass, whose surfaces are perfectly plane and parallel, may be 
placed over it, when used for observation. But the most accurate 
kind of artifical horizon is that in which fluid quicksilver forms the 
reflecting surface, the containing vessel being placed on a solid 
basis, and protected from the influence of the wind. The adjoining 
figure represents an instrument of this kind. 
The mercury is contained in an oblong wooden 
trough, placed under the roof A, in which are 
fixed two plates of glass whose surfaces are 
plane and parallel to each other. This roof 
effectually screens the surface of the metal from being agitated by 
the wind, and when it has its position reversed at a second observa- 
tion, any error occasioned by undue refraction at either plate of 
glass will be corrected. 

Another and more portable contrivance for an artficial horizon, 
is represented in the following figure, which consists of a circular 
plate of black glass about two inches diameter, mounted on a brass 
stand, half an inch deep, with three foot- 
screws, a, 6, c, to set the plane horizontal ; 
the horizontality being determined thus by 
the aid of a short spirit level, d, having under 
the tube a face ground plane on which it lies 
in contact with the reflecting surface; place 
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the level on the glass in a direction parallel to the line joining two 
of the three foot-screws, as a, and b, then move one of these screws 
till the bubble remains in the middle of the tube in both the 
reversed. positions of the level, and the plate will be horizontal in 
that direction; then place the level at right angles to its former 
position, and turn the third foot-screw back or forwards till the 
bubble again settles in the middle of its tube, the former levelling 
remaining undisturbed, and the plane will then be horizontal. 
This instrument, from its portability, is extremely convenient for 
travellers, as when packed in its case, it can be carried in the 
pocket without being any incumbrance. 

When an artificial horizon is used, the observer must place 
himself at such a distance that he may see the reflected object 
as well as the real one; then having the sextant: properly adjusted, 
the upper or lower limb of the sun’s image (supposing that the 
object) reflected from the index-glass, must be brought into con- 
tact with the opposite limb of the image reflected from the arti- 
ficial horizon, observing that when the inverting telescope is 
used, the upper limb will appear as the lower, and vice versd ;* 
the angle shown on the instrument, when corrected for the index 
error, will be double the altitude of the sun’s limb above the 
horizontal plane; to the half of which, if the semi-diameter, 
refraction, and parallax be applied, the result will be the true 
altitude of the centre. 





EXAMPLE. 

Observed angle 1... 2... ccuccce eee secues 192 25 650,00 
INDEX: OFTOP is ss sidan e's ic. cade eds ad. % “Sass Cae. — 17,05 
2) 122 25 82,95 

ADD. Glee 6. S56 cs ctuicd Gaees- SOS eeds Sebeenwenes 61 12 46,47 
Semi-diameter ....... 2000. 05 secceec coseecs + 15 46,91 
Parauex: piss. see Kavesiees: whwaear « seen ® -+- 4,00 
61 28 37,38 

Refraction ........ cccecece cs secceeee coe oo 34,40 
True alt. of Sun’s centre . ....0 esse soceeeee 61 28 2,98 








* When the contact is formed at the lower mb, the mmages will separate shortly 
after the contact has been made, sf the altitude be mcreasing, but if the altitude be 
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We will conclude this chapter with an illustration of the 
method of observing altitudes with an artificial horizon; and a 
few lines explanatory of Parallax and Refraction : 

Let AB represent the 
surface of the quicksil- 
ver contained in a wooden 
trough, whose plane is 
continued to ©; DEF, 
the roof, in which are 
fixed two plates of glass, 
DE and EF, whose sur- 





faces are plane and paral- 
lel to each other: and © \ Yo 
the sun at S, whose alti- \ a 


tude is required. Now a 

the ray SH, proceeding R 

from the sun’s lower limb to the surface of the quicksilver, will 
be reflected thence to the eye in the direction of HG, and the 
upper limb of the sun’s image, reflected from the quicksilver, will 
appear in the line GH, continued to R; and it is a well known 
principle in catoptrics, that the angle of incidence, SHA or SHC, 
is equal to the angle of reflection, GHB ; and as the angle AHR, 
or CHR, is the opposite angle of GHB, it is, therefore, equal to 
it, and to the angle SHC, the altitude of the sun’s lower limb 
above the horizontal plane: so that, if we suppose the angle SHR, 
measured by a sextant, to be 80°, the altitude of the sun’s lower 
limb will be 40°, subject to the corrections, as above. 

In the example given of observing an altitude of the sun, its 
semi-diameter is added. The apparent diameter of sun, moon, 
&c., is the angle under which they appear to an observer situated 
on the earth; the amount of which depends upon the real 
magnitude of the object, and its distance from the observer. The 
sun’s semi-diameter is given in the Nautical Almanac. Its mean 
semi-diameter is 16, which is the quantity used in common practice, 
as if never varies more than half a minute from that amount. 


decreasing, they will begin to overlap, but when the contact is formed at the upper 
limb, the reverse takes place. An observer, 1f in doubt as to which limb he has been 
observing, should watch the object for a short time after he has made the observation. 
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The situation of a celestial body, when viewed from the surface 
of the earth, is called its apparent place, and that part of the 
heavens where it would be seen, if observed at the same time 
from the centre of the earth, is called its ¢rue place. The difference 
between the true and apparent places is termed the Parallax of 
the object. The parallax of an object is greatest at the horizon, 
and gradually diminishes as the body rises above the horizon, 
until it comes to the zenith, where the parallax vanishes. It is 
evident that the altitude of an object seen from the earth’s 
surface, is less than it would be if seen from the centre: hence, 
the parallax is to be added to the apparent altitude, in order to 
obtain the true altitude. The sun’s mean horizontal parallax 
is 83". 

The third correction for an altitude of the sun, is on account of 
Refractwn. The rays of light which proceed from a celestial 
body, on entering the atmosphere in an oblique direction are bent 
out of their rectilinear course, and incline more and more towards 
the centre of the earth as they pass deeper into the atmosphere, 
and hence enter the eye of an observer in a different direction 
from that of the object, and make it appear higher than its real 
place. And the difference between the real and apparent places 
of the heavenly bodies, as affected by the passage of the rays of 
light through the atmosphere, is called the Refraction of the 
object. The more obliquely the rays enter the atmosphere, the 
more they will be bent out of their rectilinear course, and hence 
the greater the refraction: consequently, refraction is greatest 
at the horizon, and ceases at the zenith. Refraction is always 
to be subtracted from the apparent altitude of an object, because 
the effect of refraction is to cause bodies to appear higher than 
they really are; so much so, that the sun, stars, &c. may actually 
be below the horizon, when they appear above it. Tables of 
refraction are given in the appendix. 
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Certarn parts of the capital instruments used in surveying and 
in astronomical observations, require to be adjusted in truly hori- 
zontal positions ; and, to arrive at this adjustment, one or more 
subsidiary instruments, called spirit levels, are attached to such 
principal instruments. The spirit level, attached to a good tele- 
scope, furnished with a compass, and such means of correct 
adjustment, as we shall presently describe, becomes also itself a 
capital instrument, being used in that department of surveying, 
termed levelling, which consists in measuring the vertical dis- 
tances between various stations. 

The spirit level consists of a glass tube, differing from the 
cylindrical form by having its diameter largest in the middle, 
and decreasing slightly and with great regularity from the 
middle to the ends. The tube is nearly but not quite filled with 
spirits of wine, thus leaving in it a bubble of air, which rises to 
the highest part of the tube, so as to have ita two ends equally 
distant from the middle, when the instrument is in adjustment. 
The tube is generally fitted into anothcr tube of metal, and 
attached to a frame terminating in angular bearings, by which the 
level can either be suspended from, or else be stood upon, cylin- 
drical pivots. When, however, the level forms a permanent part 
of any instrument, the manner of attaching it is modified to suit 
the particular form of the instrument to which it is attached. 
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A small and accurately divided scale is attached to the best 
instruments, or otherwise a scale is scratched upon the glass tube 
iteelf. 

The annexed figure is a representation of such a level as is 
used for levelling the axis of the 
best astronomical instruments. It 
is provided with a fixed scale, 
seen in the figure, and is gus- 

pended by means of accurately constructed angular bearings. 

The following criteria of a good level are extracted from Dr. 
Pearson’s valuable work on Practical Astronomy. 

“Ist.—The bubble must be long enough, compared with the 
whole tube to admit of quick displacement, and yet not too long 
to admit of its proper elongation by low temperature. 

“2nd.—The curve must be such, that the sensibility and 
uniform run of the bubble will indicate quantities sufficiently 
minute, while those quantities correspond exactly to the changes 
of inclination, as read on the graduated limb of the instrument 
of which it forms a part. 

‘“3rd.—The bubble must keep its station when the angles are 
moved. a little round the pivots of suspension. 

“‘4th.—The opposite ends of the bubble must vary alike in all 
changes of temperature, or, in other words, the ends of the 
bubble must elongate or contract alike in opposite directions, so 
that the middle point may always be stationary. 

“ Sth.—The angles of the metallic end-pieces must be so nicely 
adjusted, that reversion or horizontal pivots that are equal, will 
not alter the place of the bubble. 

“6th.—The distance between the two zeros of a fixed scale, 
when such a graduated scale is used, should be equal to the length 
of the bubble at the temperature of 60° of Fahrenheit’s scale, and 
should be marked at equal distances from the visible ends of the 
glass tube. Then, as the bubble lengthens by cold, or shortens by 
heat, its extreme ends may always be referred to these fixed marks, 
O, O, on the scale, and will fall either within, upon, or beyond 
them, according to the existing temperature. The number of sub- 
divisions of the scale that each end of the bubble is standing at, 
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counted from the fixed zero marks, at the instant of finishing an 

observation, must always be noted, that an allowance may be made 

for the value of the deviation in seconds, or as the case may 
uire. ; 

‘¢ 7th.— When the two ends of the bubble are not alike affected 
by a change of temperature, the scale should be detached, and 
adjustable to the new zero points, by an inversion of the level. 

“ 8th.— When the scale has only one zero at its centre, which isa 
mode of dividing the least liable to misapprehension, the positions 
must be reversed at each observation, and both ends of the bubble 
read in each position; for in this case, if any change have taken 
place in the true position of this zero, the resulting error will 
merge in the reduction of the observation.” 

We proceed now to the description of the most accurate instru- 
ments for measuring the differences of level, or vertical distances, 
between different stations. 

Of spirit levels for this purpose there are now threo in use, 
namely, the Y level, Tioughton’s improved level, and Gravatt’s 
level. 

The figure on the next page represents the Y level. A, is an 
achromatic telescope, resting upon two supporters, which in shape 
resemble the letter Y, and are consequently called the Ys. The 
lower ends of these supporters are let perpendicularly into a 
strong bar, which carries a compass box, C. This compass box is 
convenient for taking bearings, and hus a contrivance for throwing 
the needle off its centre, when not in use. One of the Y sup- 
porters is fitted into a socket, and can be raised or lowered by 
the screw B. 

Beneath the compass box, which is generally in one piece with 
the bar, 1s a conical axis passing through the upper of two parallel 
plates, and terminating in a ball supported in a socket. > Imme- 
diately above this upper parallel plate is a collar, which can be 
made to embrace the conical axis tightly by turning the clamping 
screw HK, and a slow horizontal motion may then be given to the 
instrament by means of the tangent screw D. The two parallel 
plates are connected together by the ball and socket already men- 
tioned, and are set firm by four mill-headed screws, which turn in 
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sockets fixed to the lower plate, while their heads press against the 
under side of the upper plate, and thus serve the purpose of setting 
the instrument up truly level. 

Beneath the lower parallel plate is a female screw, adapted. to 
the staff-head, which is connected by brass joints with three maho- 
gany legs, so constructed, as to shut together, and form “one round 
staff, a very convenient form for portability, and, when opened out, 
to make a firm stand, be the ground ever so uneven. 

The spirit level / 7 is fixed to the telescope by a joint at one end, 
and a capstan-headed screw at the other, to raise or depress it for 
adjustment. 


THE Y LEVEL 





In looking through a telescope a considerable field of view is 
embraced ; but the measurements indicated by any instrument, of 
which the telescope may form a part, will only have reference to 
one particular point in this field of view, which particular point is 
considered as the centre of this field of view. We must therefore 
place some fixed point in the field of view, and in the focus of the 
eye-piece, and the point to which the measurement will have 
reference will be that point of the object viewed, which appears to 
be coincident with this fixed point, or which, as the technical 
phrase is, is bisected by the fixed point. 

The intersection of two fixed lines will furnish us with such a 


fixed point, and consequently two lines of spider’s web are fixed at 
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right angles to each other in the focus of the eye-piece. They are 
attached by a little gum to a brass ring of smaller dimensions than 
the tube of the telescope, and which is fixed 
to the tube by four small screws, a, 3, ¢, d. 
If the screw, d, be eased, while at the same 
time c is tightened, the ring will be moved. 
to the right; but, if c be eased and @ 
tightened, the ring will be moved to the 
left ; and in a like manner it may be moved 
up or down by means of the screws a and. b. 

When the instrument is in adjustment, the axis of the tube of 
the telescope is set truly horizontal by means of the level beneath 
it, and the line of observation ought consequently to be parallel to 
this axis. Let A represent the proper position of the intersection 
of the cross wires, and OA, the 
direction of the axis ofa pencilof 8 
light passing through the object- 
glass and coming to its focus at A. Then, the axis of the tube of 
the telescope being set truly horizontal, the line AO is also truly 
horizontal, and every point bisected by the intersection of the cross- 
wires will be situated on the prolongation of the horizontal line 
AO. 

Suppose now the position of the diaphragm carrying the cross- 
wires to have become deranged, so that the point of intersection 
is moved to B, then every point bisected by the intersection of 
the cross-wires will be on the prolongation of the line BO, and 
will consequently be below the true level point on the line AO. | 

Let now the telescope be turned half round the Ys, and let 
the annexed figure represent it in its new position; then, in this 

new position of the telescope, the 

prolongation of the line BO will 

rise above the prolongation of the level line AO, and, at the 
same distance from the telescope, the point now bisected by the 
intersection of the cross-wires will be as much above the true level 
point on the line OA as the point before bisected by them was 
below it. The true level point is therefore midway between the 
two points observed in the two positions of the telescope, and the 
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diaphragm carrying the cross-wires is to be moved by means of 
the screws @, 6, ¢, d, till their point of intersection coincides with 
that true level point. The telescope is then to be again turned 
round upon the Ys, and, if the same point be still bisected by 
the intersection of the cross-wires, they are in their proper posi- 
tion; but, if not, the same method of adjustment must be re- 
peated, till the same point is bisected by the intersection of the 
cross-wires in every position of the telescope. 

This error of derangement has a technical denomination. The 
line OA, or OB, from O to the point of intersection of the cross- 
wires, is called the dine of colmaton, and the error arising from 
their derangement, which we have shown the method of detecting 
and correcting, is called the error of collumation. 

When the image of the object viewed, formed by the object- 
glass, either falls short, or beyond the place of the cross-wires, 
the error arising from this cause is called parallax. The existence 
of parallax is determined by moving the eye about, when looking 
through the telescope, observing whether the cross-wires change 
their position, and are flittering and undefined. 

To correct this error, first adjust the eye-piece, by means of the 
movable eye-piece tube, till you can perceive the cross-wire clearly 
defined, and sharply marked against any white object. 

Then by moving the milled head screw A, at the side of the 
telescope, the internal tube @ is thrust outwards or drawn inwards, 
until you obtain the proper focus, according to the distance of 
the object, and you are enabled at once to see clearly the object, 
and the intersection of the wires, clearly and sharply defined, 
before it. The existence of parallax is very inconvenient, and, 
where disregarded, has frequently been productive of serious 
error. It will not always be found sufficient to set the eye-glass 
first, and the object-glass afterwards. The setting of the object- 
glass, by introducing more distant rays of light, will affect the 
focus of the eye-glass, and produce parallax or indistinctness of 
the wires, when there was none before. The eye-piece must, in 
this case, be adjusted again. 

Generally, when once set for the day, there is no occasion for 
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altering the eye-glass, but the obyect-glass will of course have to 
be altered at every change of distance of the object. 

In adjusting the instrument, the parallax should be first cor- 
rected, and then the error of collimation: The line of collima- 
tion being thus brought to coincide with the axis of the tube of 
the telescope, two further adjustments are necessary; the first to 
adjust the bubble tube, so that it may truly indicate when the 
axis of the telescope is horizontal; and the second to set the axis 
of the telescope perpendicular to the vertical axis round which 
the instrument turns. 

To adjust the Bubble Tube-—Move the telescope till it lies in the 
direction of two of the parallel plate screws, and by giving 
motion to these screws bring the air bubble to the centre of its 
ron. Now reverse the telescope carefully in the Ys, that is, 
turn it end for end, and should the bubble not settle at the same 
point of the tube as before, it shows that the bubble tube is out 
of adjustment, and requires correcting. The end to which the 
bubble retires must then be noticed, and the bubble made to 
return one-half the distance by turning the parallel plate screws, 
and the other half by turning the capstan-headed screw at 
the end of the bubble tube. The telescope must now again be 
reversed, and the operation be repeated, until the bubble settles 
at the same point of the tube, in the centre of its run, in both 
positions of the instrument. The adjustment is then perfect, and 
the clips which serve to confine the telescope in the Ys should be 
made fast. 

Lastly, to set the Axis of the Telescope perpendicular to the Vertical 
Axis round which the Instrument turns.—Place the telescope over 
two of the parallel plate screws, and move them, unscrewing one 
while screwing up the other, until the bubble of the level settles 
in the centre of its run; then turn the instrument half round 
upon the vertical axis, so that the contrary ends of the telescope 
may be over the same two screws, and, if the bubble does not 
again settle at the same point as before, half the error must be 
corrected. by turning the screw B, and the other half by turning 
the two parallel plate screws, over which the telescope is placed. 
Next turn the telescope a quarter round, that it may lie over the 
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other two screws, and repeat the process to bring these two screws 
also into adjustment; and when, after a few trials, the bubble 
maintains exactly the same position in the centre of its run, 
while the telescope is turned all round upon the axis, this axis 
will be truly vertical, and the axis of the telescope, being hori- 
zontal by reason of the previous adjustment of the bubble tube, 
will be perpendicular to that vertical axis, and remain truly 
horizontal, while the telescope is'turned completely round upon 
the staves. The adjustment is therefore perfect. 

The object of the above adjustments is to make the line of 
collimation move round in a horizontal plane, when the instru- 
ment is turned round its vertical axis, and the methods above 
explained suppose that the telescope itself is constructed with the 
utmost perfection, so that the axis of the tube carrying the object- 
glass is always in the same straight line with the axis of the 
main tube, which carries the diaphragm with the cross-wires. If 
this perfection in the construction of the instrument does not 
exist, the line of collimation will vary, as the tube carrying the 
object-glass is thrust out, and drawn in, to adjust the focus for 
objects of different distances. What is really required, then, is 
that the cross-wires be so adjusted that the line of collimation 
may be in the same straight line with the line in which the centre 
of the object-glass is moved, and that the bubble of the level be 
at the centre of its run, when this line of collimation is directed 
to view objects, at the same level, or at the same distance from the 
centre of the earth. 

We are indebted to Mr. Gravatt, of whose level we shall here- 
after speak, for a method of collimating, which satisfies the above 
requirements, and removes any error arising from imperfection in 
the slide of the telescope, while at the same time the line of col- 
limation is set with the end at the object-glass, slightly depressed, 
instead of exactly horizontal, so as to remove or nearly so, the 
errors arising from the curvature of the earth, and the horizontal 
refraction. 

To examine and correct the Collimation by Gravatt’s Method.—* On 
a tolerably level piece of ground drive in three stakes at intervals 
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of about four or five chains, calling the first stake a, the second 8, 
and the third ¢. 

“Place the instrument half way between the stakes a and J, 
and read the staff A, placed on the stake a, and also the staff B, 
placed on the stake }; call the two readings A’ and B’; then, 
although the instrument be out of adjustment,* yet the points read 
off will be equi-distant from the earth’s centre, and consequently 
level. 

“Now remove the instrument to a point half-way between 6 
and c. Again read off the staff B, and read also a staff placed on 
the stake c, which call staff C (the one before called A being 
removed into that situation). Now, by adding the difference of 
the readings on B (with its proper sign) to the reading on C, we 
get three points, say A’, B’, C’, equi-distant from the earth’s 
centre, or in the same true level. 

Place the instrument at any short distance, say half a chain 
beyond it, and, using the bubble merely to see that you do not 
disturb the instrument, read all three staffs, or to speak more cor- 
rectly, getting a reading from each of the stakes, a, 6, ¢; call 
these three readings A", B’,C’. Now, if the stake 6 be half-way 
between a and ¢,f then ought C--C—(A'—A’) to be equal to 
2 [B'—B—(A'—A’)]; but if not, alter the screws which adjust 
the diaphragm, and consequently the horizontal spider line, or 
wire, until such be the case; and then the instrument will be 
adjusted. for collimation. 

“‘ To adjust the spirit bubble without removing the instrument, 
read the staff, A, say it reads A”, then adding (A”—A’) with its 
proper sign to B’ we get a value, say B.” 

“ Adjust the instrument by means of the parallel plate screws,t 
to read B” on the staff B. 


* The ans of the instrument 1s to be act vertical by means of the parallel plato 
screws, by placing the telescope over each pair alternately, and moving them, until the 
air bubble remains in the same posttion, when the instrument 1s turned half round 
upon its axis. 

+ Whatever be the distances between the stakes a, b, and ¢, the following proportions 
ought to hold, viz. — 

The distance froma 5 thedistanceatoe . B’—B’—(A’—A’) C’ —C’—(A’—A’.) 

t If this adjustment be made by the screw B, instead of the parallel plate screws, 
the line of collimation will be brought into its proper position with respect to the 
vertical axis. 
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“Now, by the screws attached to the bubble tube, bring the 
bubble into the centre of its run. 

“The instrument will now be in complete practical adjustment 
for level, curvature, and horizontal refraction, for any distance not 
exceeding ten chains, the maximum error being only ith of a 
foot.” 

Before making observations with this instrument, the adjust- 
ment should be carefully examined and rectified, after which the 
screw B should never be touched; but at each station the parallel 
plate screws alone should be used for setting the axis round which 
the instrument turns truly vertical, when, in consequence of the 
adjustments previously made, the line of collimation will be 
truly level. For this purpose the telescope must be placed over 
each pair of the parallel plate screws alternately, and they must 
be moved till the air bubble settles in the middle of the level, and 
the operation being repeated till the telescope can be turned quite 
round the staff-hcad, without any change taking place in the 
position of the bubble, the instrument will be ready to read off the 
graduations upon the levelling staves, which we proceed to describe. 

The best constructed levelling staff consists of three parts, 
which pack together for carriage in a neat manner, 
and, when opened out for usc, form a staff seven- 
teen feet long, jointed together something after 
the manner of a fishing-rod. The whole length 
is divided into hundredths of a foot alternately 
coloured black and white, and occupying half 
the breadth of the staff; but for distinctness the 
lines denoting tenths of feet are continued the 
whole breadth, every half foot or five-tenths 
being distinguished by a conspicuous black dot 
on each side. This staff was first introduced into use by William 
Gravatt, Esq. : 

In all work where great accuracy is required, the Y level, above 
described, is preferable to either of the others; but both Trough- 
ton’s level and Gravatt’s level are calculated by their lightness, 
and by their being less liable to derangement when once properly 
adjusted, to get rapidly over the ground. 
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TrovuGHTon’s LEVEL. 





In this level the telescope, T, rests close down upon the horizon- 
tal bar, b, b, the spirit level, /, J, is permanently fixed to the top of 
the telescope, and does not, therefore, admit of adjustment, and the 
compass box, C, is supported over the level by four small pillars 
attached to the horizontal bar. This construction makes the 
instrument very firm and compact. The staves, staff-head, and 
parallel plates by which the instrument is supported, and the 
vertical axis upon which it turns, are of exactly the same construc- 
tion as have been already described as used for supporting the Y 
level. ° 

The diaphragm is furnished with three threads, two of them 
vertical, between which the levelling staff may be seen, and the 
third, horizontal, gives the reading of the staff by its coincidence 
with one of the graduations marked upon it. Sometimes a pearl 
micrometer-scale is fixed on the diaphragm, instead of the wires. 
The central division on the scale, then, indicates the collimating 
point, and by its coincidence with a division of the levelling staff 
gives the required reading of this staff; and the scale serves the 
purpose of measuring distances approximately, and of determining 
stations nearly equi-distant from the instrument, since at such equal 
distances the staff will subtend the same number of divisions upon 
the micrometer-scale. 

In selecting a level of Troughton’s construction, and also in 
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testing and adjusting the collimation subsequently, Mr. Gravatt’s 
method, already described, is the best to be used; and, when the 
line of collimation is thus brought into adjustment, if the bubble 
be far from the centre of its run, the fault can only be remedied by 
the maker; but, if the bubble settle very nearly in the centre of 
its run, the instrument may be deemed a good one, and, the divi- 
sions on the glass tube which coincide with the ends of the bubble 
being noted, the instrument must be set up for use with the bubble 
in this position. : 
The line of collimation is set perpendicular to the vertical axis, 
in the same manner, as in the Y level, by means of the capstan 
screws, B, B, the bubble being made to maintain the requisite 


position, as above determined, while the instrument is turned com- 
pletely round on its axis. 


Gravatr’s LEVEL. 

Ts instrument is furnished with an object-glass of large 
aperture and short focal length; and, sufficient light being thus 
obtained to admit of a higher magnifying power in the eye-piece, 
the advantages of a much larger instrument are obtained, without 





the inconvenience of its length. The diaphragm is carried by the 
internal tube a, a, which is nearly equal in length to the external 
CHAPTER V. | 


150 


tube. The external tube T, T, is sprung at its aperture, and gives 
a steady and even motion to the internal tube a, a, which is thrust 
out, and drawn in, to adjust the focus for objects at different 
distances by means of the milled-headed screw A. The spirit level 
is placed above the telescope, and attached to it by capstan-headed 
screws, one at either end, by means of which the bubble can be 
brought to the centre of its run, as in the case of the Y level, 
when the line of collimation is brought to the proper level by Mr. 
Gravatt’s method of adjustment, already explained. 

The telescope is attached to a horizontal bar in a similar manner 
to Troughton’s level, but room is just left between the telescope and 
the bar for the compass-box. 

A cross level, i, is placed upon the telescope at right angles to 
the principal level /, 7, by which we are enabled to set the instru- 
ment up at once with the axis nearly vertical. A mirror m, 
mounted upon a hinge-joint, is placed at the end of the level, /, Z, 
so that the observer, while reading the staff, can‘at the same time 
see that the instrument retains its proper position—a precaution 
by mo means unnecessary in windy weather, or on bad springy 
ground. 

The telescope is attached to the horizontal bar by capstan-headed 
screws, B, B, as in Troughton’s level, by which the line of collima- 
tion is set perpendicular to the vertical axis; and the instrument 
is set upon parallel plates, as before described, for the Y level. 
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Tae Transtr [NstRUMENT. 


REFLECTING instruments, from their portability and the prompti- 
tude and facility with which they may be used in all situations, 
and upon all occasions, are very useful instruments to the surveyor. 
The sextant with an artificial horizon, and a good chronometer, 
forms an observatory of itself, with which the latitudes and longi- 
tudes of places may be determined to a certain degree of accuracy. 
In permanent Observatories the capital angular instruments are 
placed permanently in the plane of the meridian, and the measure- 
ments sought for by their aid at the exact times at which the 
observed objects pass the meridian, and their angular altitudes or 
zenith distances, when upon the meridian. The instrument with 
which the first of these measurements is obtained, is called a transit 
instrument, transit telescope, or merely a transit. Transits of portable 
dimensions, besides their use in small or temporary observatories, 
are found serviceable to the Surveyor, for determining, with the 
greatest possible accuracy, the true north point, and thence setting 
out a line in any required direction. The figure in the next page 
represents a portable transit. 

T, T is a telescope formed of two parts, connected by a spherical 
centre-piece, into which are fitted the larger ends of two cones, the 
common axis of which is placed at right angles to the axis of the 
telescope, to serve as the horizontal axis of the instrument. The 
two small ends of these cones are ground into two perfectly equal 
cylinders, called pivots. The pivots rest upon angular bearings 
or Ys. 
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The Ys are supported upon the standards E and W, of which 
E may be called the eastern, and W the western standard ; one 
of the Ys is fixed in a horizontal groove, on the western standard, 
so that by means of the screw S, one end of the axis may be pushed 
a little forwards or backwards, and a small motion in azimuth be 
thus communicated to the telescope.* The standards, E and W, 
are fixed by screws upon a brass circle, O, O, and steadied by 
oblique braces, B, B, which spring from the cross-piece, C. 

On one end of the axis is fixed, so as to revolve with the axis, a 


* The large transits in permanent Observatories have their Ys placed in two dove- 
tailed grooves, one horizontal, and the other vertical By means of the latter, onc end 
of the axis may be raised or depressed; but m the portable transit the same object is 
attained by turning one of the fot screws upon which the entire instrument rests. 
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vertical circle, V, V; and a double index bar, furnished with a 
spirit level /, 7, to set it horizontal, carries two verniers, n, n, adapted 
to the vertical circle, and shewing the angle of elevation of the 
telescope. The index-bar is fixed in its position by the clamping 
screw, C, and can be fixed upon either the eastern or western 
standard, at pleasure, while the telescope, with its attached circle, 
can also be lifted out of, and have its position reversed in the Ys. 
The pivot which does not carry the vertical circle, is pierced, and 
allows the light from a lamp to fall upon a plane speculum, fixed, 
_ in the spherical centre-piece, on the axis of the telescope, and in- 

clined to this axis at an angle of 45°. The light is thus thrown 
directly down the telescope, and illuminates the wires of the 
diaphragm placed in the principal focus of the telescope. Of these 
wires one is horizontal ; and a vertical wire, intersecting it in the 
centre of the field of view, gives by its intersection with it, the 
collimating point. There are then, other vertical wires arranged 
in pairs equi-distant from the central vertical wires, so that we 
have either three or five, or seven vertical wires, the most common 
number being five. The lamp has a contrivance for regulating the 
quantity of light thrown into the telescope, by turning a screw, so 
that the light from a small star may not be overpowered by the 
superior light of the lamp. 

The requisites of a good instrument, are—Istly, that the telescope 
be of the best quality ; 2ndly, that the feet screws act well and 
remain steady; drdly, that all the screws, by which the instrument 
is put together, are turned home, and remain so, after the instru- 
ment has been shaken by carriage; 4thly, that the length of the 
axis be just sufficient to reach from one Y to the other, without 
either friction or liberty ; 5thly, that the lamp be held so as not to 
require adjustment for position ; 6thly, that the screws of adjust- 
ment of the diaphragm, and Ys, be competent to give security of 
position to the parts adjusted by them; 7thly, that the metallic 
parts be free from flaws in casting, and that the pivots be formed 
of hard bell metal and incapable of rusting. 

The principal adjustments of the Transit are three : 

Ist. To make the axis on which the telescope moves, horizontal. 
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2nd. Fo make the line of collimation move in a great vertical 

circle, by setting it perpendicular to the horizontal axis. 
3rd. To make it move in that vertical circle, which is the meri- 
dian. 

To make the Asis Horizontal.—Apply to the pivots the large 
level, L, L, which is supplied with the instrument for this purpose. 
Bring the air bubble to the centre of its run, by turning the foot 
screw, f. Turn the level end for end, and if the air bubble retains 
its position, the axis horizontal, but, if not, it must be brought 
back half by the foot screw, /, and the other half by turning the 
small screw at one end of the level. Repeat the operation till the 
bubble retains the same position in both positions of the level, and 
the axis will be horizontal. 

To adjust the Line of Collimation un Asimuth.—Direct the teles- 
cope to some distant, small, and well-defined object, and bisect it 
by one extremity of the middle vertical wire. giving the telescope 
the azimuthal motion necessary for this purpose by turning the 
screw 8. By elevating or depressing the telescope, examine 
whether the object is bisected by every part of the middle vertical 
wire ; and, if not, loosen the screws which hold the eye-end of the 
telescope in its place, and turn the end round very carefully till 
the error is removed. Lift the transit off the Ys, and reverse it, 
so that the end of the axis, which was upon the eastern Y, may 
now be upon the western, and vue versd; and, if the object is 
still bisected by the central vertical wire, the collimation in azimuth 
is perfect; but, if not, move the centre of the cross-wires half-way 
towards the object by turning the small screws which hold the 
diaphragm, and if this half distance has been correctly estimated, 
the adjustment will be accomplished. Again, bisect the object 
by the centre of the cross-wires by turning the azimuthal screw, 8, 
and repeat the operation, till the object is bisected by the centre of 
the cross-wires in both positions of the instrument, and the adjust- 
ment will be known to be perfect.* 

To adjust the Transst to the Meridian.—The line of collimation by 
reason of the previous adjustment describes a vertical circle, and, 


* The horizontal motion given to the Y, by the azimuthal screw 8S, forms, evidently, 
no part of the adjustment for collimation, but only enables to examine if the adyust- 
ment has been made with sufficient exactness. 
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therefore, bisects the zenith, which is one point in the meridian. 
If, then, we can make it also bisect another point in the meridian, 
it will move entirely in the meridian. Compute from the tables in 
Nautical Almanack, the time of Polaris coming to the meridian, 
and at the computed time bisect the star by the middle vertical 
wire, and the transit will be very nearly adjusted to the meridian. 

To make the great vertical circle described by the line of colli- 
mation more nearly coincident with the meridian, let the intervals 
between the successive passages of Polaris across the meridian be 
observed, as indicated by the instrument. Then, if the interval 
between the inferior and the superior passage be equal to the 
interval between the superior and inferior, the adjustment to the 
meridian is perfect; but if the interval between the inferior and 
superior passage be less than the interval between the superior and 
inferior, the circle described by the line of collimation deviates to 
the eastward of the true meridian, from the zenith to the north 
point of the horizon, and to the westward, from the zenith to the 
south point of the horizon; while if the interval between the 
inferior and superior passage be the greater, the deviation is in the 
contrary directions. 

Let 8 be the observed difference of the intervals from twelve 
hours, or half the difference between the two intervals in seconds, 
w the polar distance of the star Polaris, and L the latitude of the 
place, then, Z representing the deviation from the meridian in time, 
the value of Z will be given by the logarithmic formula. 


log. Z. = log. ; + log. sec. L -++ log. tan. r — 20. 


EXAMPLE. 


Place of observation, near Calcutta, Latitude 22° 33’ 01". 
Polar distance of Polaris, 1° 39° 25"-05. 
Difference of intervals from 12 hours 7™ 22° = 442°. 


Seal avscnctamnencs log. = -2'3448928 
L==22° 38 01"........ log. sec. = 10-0345427 
w= 1° 89 25°05 ..... log. tan, == 84613064 
Zim Ge. O22 2... coe eee wlog. == 20°8402414 
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To determine the value of a revolution of the azimuthal screw, 
S, the time* of passage of an equatorial star across the middle 
vertical wire must be noted one day ; and then, turning the screw, 
S, once round, the time of passage must be noted again; and the 
difference of these times will be the value in time of a revolution 
of the screw. Suppose the difference thus observed to amount to 
two seconds, then the value of one complete revolution of the screw, 
8, is two seconds, and the value of the motion of the adjusting 
screw being thus obtained, must be reduced to the horizon by in- 
creasing it in the ratio of cosine of latitude to radius, and may then 
be applied to correct the error of deviation as found above. 

A second method founded on the same principles as the preceding, 
consists in observing the Pole star, and another star, which crosses 
the meridian near the zenith of the place of observation. The time 
of passage of such a star, Capella, for instance, when near its 
superior transit, across the middle wire of the telescope, will differ 
but very little from the time of passing the true meridian, if the 
deviation of the instrument from the meridian be but small. Assume 
the two times to agree exactly, and the difference between the times 
of superior transit of Capella and Polaris, will be the difference of 
the observed right ascensions of these two stars. From this dif- 
ference subtract the difference of the computed right ascensions of 
the two stars, and call the result D; and the deviation will be given 
by the formula. 

log. Z = log. D +- log. sin. + log. sec. (L + 7) 

* being the polar distance of Polaris, and L the latitude of the 
place of observation. From Capella not having been exactly on 
the meridian, when on the middle vertical wire, the value of D, 
as above obtained, is only an approximation to the error of the 
observed right ascension of Polaris, and the deviation computed 
from it will be only approximately correct; but, by repeating the 
operation, the adjustment may be completely perfected. 

D is actually the value of the sum of the errors of the observed 
right ascensions of Capella and Polaris, and hence the value of Z 
will be correctly given, by so considering it instead of supposing as 

* The time here spoken of, and throughout the description of this instrument, 
unless otherwise expressly stated, is mdereal, and not mean time. 
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above, that this error for Capella is zero. The true deviation then 
is given by the formula. 
log. Z= log. D +- long. sin. « ++ log. sin. =’ -+ log. cosec. (« —#) +- log sec. L. 

x’ being the polar distance of Capella. 

Using this last formula, the method may be applied to Polaris, 
and any star distant from the pole, or to any two stars differing from 
each other not less than 40° in declination. If however, the transit 
of one star is observed above, and of the other, below the pole, the 
formula will be 
log. Z = log. D ++ log sin. « -+- log. sin. « +- log cosec.(* + =) + log. sec L. 

Considerable advantage may be obtained by selecting two stars, 
that differ but little in right ascension, as there is then the less 
probability of error from a change in the rate of the clock, or in the 
position of the instrument, on which account such methods are to 
be preferred in temporary observatories, where the stability of the 
instrument is not to be depended upon for any length of time. 

In all the preceeding formule, the deviation from the meridian 
is given in time; but, to convert it into angular measure, if desir- 
able, we have only to multiply by 15, and the seconds of time will 
be converted into seconds of a degree. 

When the instrument is by any of the methods explained above, 
brought into the meridian, a distant mark may be set up in the 
plane of the meridian, by which the adjustment to the meridian 
may afterwards be tested. 


Mernop oF OBSERVING WITH THE TRANSIT. 


THE adjustments having been completed, in making observations 
with the instrument, the instant of a star’s passing the middle 
vertical wire will be the time of the star’s transit ; but the time of 
the star’s passing all the five wires must be noted, and the mean of 
the times, taken as the time of transit, will be a more accurate 
result than the time observed at the middle wire only. 

When the sun is the object observed, the time of the centre of 
his disc passing the middle wire is the time of transit; but, as it 
would be impossible to estimate this centre with accuracy, the time 
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of both his limbs coming into contact with each wire in succession 
is to be noted, and a mean of all these times will be the time of 
transit required. This mean may be conveniently taken, by writing 
the observed times of contact of the first and second limbs under- 
neath each other in the reverse order, when the sums of each pair 
will be nearly equal. 








1 Limb. 
Q 3 Limb. 


27; 24 0 27| 27 | 24 Thesum=132 


r 8 h m 8 | 
1849 Jan. 23) 204 | 387 | 11 58 57-0 
423 | 940 | 12 1 57! 
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The time of either limb passing the centre wire is recorded in 
full, but for the other wires, the seconds only are recorded, as the 
sums of the several pairs only differ by decimals of a second. Half 
the sum of the times at the middle gives, then, the correct time of 
transit as far as the second, and the decimals are found by removing 
the decimal point one place to the left in the sum 13:2, which is 
equivalent to dividing by 10. Then the time of transit, or mean 
of observations in the above example is 12" 0" 1°32. This ex- 
ample is taken from observations made with a large transit ; and, 
if with a smaller instrument the sums of the several pairs of 
observations should differ by more than a second, it will be neces- 
sary to take the sums of both figures of the seconds, and the 
division by 10, performed as above, will give the last figure of the 
seconds, as well as the decimals. 

In taking transits of the moon the luminous edge alone can be 
observed, from which the time of transit of the centre must be 
deduced by the aid of Lunar tables. 

In observing the larger planets, one limb may be observed at 
the first, third, and fifth wires, and the other at the second and 
fourth, and the mean of these observations will give the transit of 
the planet’s centre. 

It will sometimes happen that from the state of the weather, or 
from some other cause, a heavenly body may not have been ob- 
served at all the wires ; but, if the declination of the body be known, 
an observation at any one of the wires may be reduced to the 

[PART 1. 


159 


central wire, so as to give the time of transit, as deduced from this 
observation. If an observation be obtained at more than one wire, 
the mean of the times of passing the centre, as deduced from each 
wire observed, is to be taken as the time of transit. The reduction 
to the centre wire is given by the formula, 
R = V cosec. T, 
or log. R = log. V + log. cosec. x; 
in which R represents the reduction, x the polar distance of the 
body observed, and V the equatorial interval from the wire, at 
which the observation has been made, to the central wire. The 
equatorial intervals for each side wire must, therefore, be care- 
fully observed, and tabulated for the purpose of this reduction. 
The formula R — V cosec. 7 is only an approximate value 
of the reduction, and with large instruments, capable of giving 
results within 0'-05, a further correction is necessary for bodies 
within 10° of the pole. The whole reduction in this case is given 
by the formula, 
RB =F, sin 15 15’ V cosee. x. 
The time of any star’s passage from one of the side wires to the 
centre wire being observed, the equatorial interval from that wire 
to the centre is obtained by multiplying the observed interval by 
the sine of the star’s polar distance; and the equatorial intervals 
being deduced in this manner from a great many stars, the mean 
of the results may be considered as very correct values of the 
equatorial intervals required. No star very near the pole should, 
however, be taken for this purpose. 


Use or THE PortanLe TRANSIT. 


Tue large transits in permanent observatories are used to obtain, 
with tho greatest possible accuracy, the right ascensions of the 
heavenly bodies, from which, and the meridian altitudes observed. 
by @ mural circle, an instrument, consisting of a telescope attached 
to a large circle, and placed in the plane of the meridian, nearly 
all the data necessary for every astronomical computation are 
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obtained. For such purposes the small portable transit is not 
adapted; but it is competent to determine the time to an accuracy 
of half a second, to determine the longitude by observations of the 
moon and moon culminating stars, and to determine the latitude 
by placing it at right angles to the meridian, or in the plane of 
the prime vertical.* 

The transit of the sun’s centre gives the apparent noon at the 
place of observation, and the mean time at apparent noon is found 
by subtracting or adding the equation of time, as found in the 
Nautical Almanac, to 24 hours.t The difference between the 
mean time, thus found, and the time of the sun’s transit, as shgwn 
by a clock, or chronometer, is the error of the clock or chronometer 
for mean time at the place of observation. 

The time shown by a sidereal clock when any heavenly body 
crosses the meridian should coincide with the right ascension of 
that body, as given in the Nautical Alusnac. The difference 
between the time shown by the sidereal clock, at the transit and 
the right ascension of the body, taken from the Almanac, will, 
therefore, be the error of the clock, +, or too fast, when the clock 
time is greater than the right ascension,—or, too slow, when it is 
less. 


Toe Portaste ALTITUDE aND Aziucru INSTRUMENT. 


Tne bending of an unbraced telescope renders it unfit for the 
determination of altitudes; but by placing the telescope between 
two circles braced together, an instrument may be formed capable 
of observing both the meridian altitudes and times of transit of the 
heavenly bodies. The increased weight of the instrument, however, 
must now be prevented from producing flexure in the horizontal 
axis, and this has been very ingeniously accomplished by Troughton. 

* The prime vertical is the great circle which passes through the zenith and the east 
and west points of the horizon. 

f The astronomical day commences at noon, and contains 24 hours, the hours after 
midnight being called 13, 14, &., and the day ends at the next noon The equation 
of time is given in the Nautical Almanack for apparent noon at the meridian of Groen- 
wich, and the correction to give the equation of tame at any other mendian will be 
found by multiplying the difference for one hour, as given in the Almanack, by the 
longitude of the place, estimated in tuue. 
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By mounting the transit and altitude instrument, as Troughton’s 
transit-circle may be called, upon a horizontal plate or circle having 
an azimuthal motion round a vertical axis, an instrument is formed 
by which observations may be made either in or out of the meridian. 
When constructed of a portable size, the altitude and azimuth in- 
strument may also be used in important surveying operations; for, 
in fact, it may be considered as a rather large theodolite of superior 
construction. 

The altitude and azimuth instrument may be considered as con- 
sisting of three parts; Ist, the tripod carrying the vertical axis 
about which the instrument turns; 2nd, the horizontal revolving 
plate carrying the vertical pillars, with their appendages; and 3rd, 
the vertical eircles with the telescope. 





The tripod, A, A, is supported by three foot-screws, by which 
the vertical axis is brought into adjustment, and carries the lower 
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horizontal plate, which is graduated to show the azimuths or 
horizontal angles. The vertical axis is a solid metallic cone rising 
from the centre of the tripod to a height about equal to the radius 
of the horizontal circle. 

The upper horizontal plate, or horizontal revolving plate, V, V, 
carries an index, to point out the graduation, upon the lower hori- 
zontal plate, or azimuth circle, which denotes nearly the angle to 
be read off. The graduations upon the azimuth circle, as well as 
upon the vertical circle, are subdivided by reading microscopes, 
the construction and adjustments of which we shall presently 
explain. The reading microscopes of the azimuth circle are 
attached to the revolving plate, V, V, which also carries two 
upright pillars. From the centre of the upper horizontal plate, 
V, V, rises a hollow brass cone, which just fits over, and mosy 
smoothly upon the solid metallic vertical axis rising freym the 
tripod stand. A horizontal brace connects the two upright pillars 
with one another and with the top of the hollow brass cone} and 
keeps the pillars firm and parallel to one another. On the to of 
each pillar a jibbet piece is fixed, projecting beyond the pillars, and 
upon the extreme ends of these pieces are carried the Ys for stp- 
porting the pivots of the horizontal, or transit axis. The Ys are 
each capable of being raised or lowered by turning a milled-headed 
screw. The top of one of the pillars carries a cross-piece for sup- 
porting the two reading microscopes of the vertical circle; and > 
this cross-piece is attached the level, L, L, by which the adjust- 
ment of the vertical axis is denoted. The third portion of the 
instrument consists of the vertical circle and its telescope. This 
circle consists of two limbs firmly braced together, and preventing 
any tendency to flexure in the tube of the telescope, by affording 
it support at the opposite ends of a diameter. One of the limbs 
only is graduated, and the graduated side is called the face of the 
instrument, and the clamp and tangent screw, for giving a slow 
motion to the vertical circle, act upon the ungraduated limb, and 
are fixed to the vertical pillar on the side of that limb. The hori- 
zontal axis which supports the telescope and vertical circle is con- 
structed exactly as the axis of the transit instrument already 
described; but, as it might press too heavily on the Ys from the 
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increased. load of the vertical circle, a spiral spring, fixed in the 
body of each pillar, presses upon a friction roller against the conical 
axis with a force which is nearly a counterpoise to its weight. 
The adjustment of the horizontal axis is denoted by a level, as in: 
the portable transit already described. 


ADJUSTMENTS. 


Adjustments of the Vertical Azis.—Turn the instrument round 
till the level L, L, is over two of the foot-screws, and adjust the 
level, so that its bubble may retain the same position, when the 
instrument is turned half round, so that the level is again over the 
same foot-screws, but in the reverse position. The error at each 
trial is corrected, as nearly as can be judged, half by the foot- 
screws, and half by the adjusting screw of the level itself. 

Next turn the instrument round 90° in azimuth, so that the 
level, L, L, may be at right angles to its former positions, and 
bring the bubble to the same position as before, by turning the 
third foot-screw. Repeat the whole operation till the result is 
satisfactory. 

Adjustment of the Horizontal Azis. —'This adjustment is performed 
in the same manner, as already described for the Transit instrument 
(page 154) with the single exception that one end of the axis is to 
be raised. or lowered, if necessary, by the screw acting upon its Y, 
and not by moving a foot-screw, which would derange the previous 
adjustment. 

Adjustment of the Circle to its Reading Microscopes.—This is per- 
formed by raising or lowering both the Ys equally, so as not to 
derange the previous adjustment, till the microscopes are directed 
to opposite points in its horizontal diameter. 

Adjustment of Collimation in Aswmuth.—Instead of taking the 
axis out of its bearings and turning it end for end, the whole 
instrument is turned round in azimuth; but in all-other respects 
the method of performing this adjustment is the same as that 
already described for the Transit instrument (page 154). 

Adjustment of Colhmation in Altitude.—Point the telescope to 
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a very distant object, or star, and, bisecting it by the cross-wires, 
read off the angle upon the vertical circle denoted by the reading 
microscopes. Turn the instrument half round in azimuth, and, 
again bisecting the same object by the cross-wires, read off the 
angle. One of these readings will be an altitude, and the other a 
zenith distance,* and their sum, therefore, when there is no error 
of collimation in altitude, will be 90°. If the sum is not 90°, half 
ita difference from 90° will be the error of collimation in altitude, 
and this error being added to, or subtracted from, the observed 
angles, according as the sum of the readings is less or greater than 
90° will give the true zenith distance and altitude. The error of 
collimation in altitude may then be corrected by adjusting the 
microscopes to read the true zenith distance and altitude, thus 
found, while the object is bisected by the cross-wires of the teles- 
cope. 

Use of the Altitude and Azimuth Instrument.—In using the alti- 
tude and azimuth instrument, for astronomical purposes, double 
observations should always be made, with the face first to the east, 
and then to the west, or vice versd, or several observations may 
be made with the face to the east, and as many with the face 
to the west, and the mean of the results, reduced to the meridian, 
taken as the true results. The place for a meridian mark may be 
determined by the methods already explained when describing the 
transit instrument, or by observing the readings of the azimuthal 
circle, or noting the times, when any celestial object has equal 
altitudes. Since the diaphragm of the telescope is furnished not 
only with the central horizontal wire, but with other horizontal 
wires at equal distances above and below it, so that there may be 
altogether either three or five, or seven horizontal wires, the 
azimuths and times may be observed, when the object observed is 
bisected by each of these wires. If a fixed star be the object 
observed, the mean of the times will give the time of the star’s 
passing the meridian, and the mean of the azimuths will give the 
reading of the azimuth circle when the star was on the meridian, 

* Both the horizontal and vertical circles are usually divided alike into four quad- 


rants, and each quadrant graduated from 0° to 90°, proceeding in the same direction all 
round the circles. 
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or the correction to be applied to the readings of the azimuth circle 
to give the true azimuths. If the sun be the body observed, a 
correction is necessary on account of the change of his declination, 
during the intervals between the observations. 

The correction for the time, as deduced from a pair of equal 
altitudes of the sun, is given by the formula, 


t 
i — x 2 ° e Ob ae e 
Correction sn pe tam D X cos. 15°¢—tan. L) 


6 
720 
in which é represents the variation in the sun’s declination from 

the noon of the day preceding the observations to the 
noon of the day succeeding : 
¢ represents the interval between the observations ex- 
pressed. in hours and decimals of an hour: 
D represents the sun’s declination at noon on the day on 
which the observations are made : 
L represents the latitude of the place. 
2 is to be reckoned positive when the sun’s declination is in- 
creasing, and negative when it is decreasing. 
The correction for azimuth is given by the formula, 


Correction == 4 (D’ — D) sec. lat. cosec. : (T’ — T). 


in which D'—D represents the change of the sun’sde-) between the 
clination, and T’—T represents the interval in time, ) observations. 

When the sun is advancing towards the North Pole, this correc- 
tion will carry the middle point towards the west of the approximate 
south point; but when he is approaching the South Pole, it will 
carry the same point towards the east, and must be applied ac- 
cordingly. 

The altitude and azimuth instrument being adapted to observe 
the heavenly bodies in any part of the visible expanse of the 
heavens, its powers may be applied at any time to determine the 
data from which the time, the latitude of the place of observation, 
or the declination of the body observed, may be at once determined. 
We subjoin some of the formule, adapted to logarithmic computa- 
tion, connecting the parts of what may be called the astronomwal 
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triangle, xf which the angular points are, the pole, P, the zenith, Z, 
and the apparent place of the body observed, S. 
Let PZ, the colatitude of the place, be represented by >. 
PS, the polar distance of the body observed ..... rr, 


ZS, the zenith distance of the body observed .... Z. 
ZPS, the hour angle from the meridian ........ h. 
PZS, the azimuthal angle. ..............0005: a. 


ZN 


Then we have the following formule for determining the time, 
the latitude, and the declination of the body observed. 
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Tar Reapine Microscors. 


Tue first of the annexed figures represents a longitudinal sec- 
tion of this instrument, and the second represents the field of view, 





showing the magnified divisions of the limb of the instrument 
to which the microscope is applied, and the 
diaphragm, d, d, of the microscope, with its 
comb, c, c, and cross-wires, w, #. The 
diaphragm is contained in the box, ¢, ¢, and 
consists of two parts moving one over the 
other, the comb, c, c, which is moved by the 
screw, #, at the bottom of the box, for the 
purpose of adjustment, and the cross-wires, w, w, and index, 4, 
which are moved over the comb and the magnified image of the 
limb, by turning the milled head, 4. The micrometer head, m, 
is attached by friction to the screw turned by the milled head, so 
that, by holding fast the milled head, the micrometer head can be 
turned round for adjustment. 

e is the eye-piece, which slides with friction into the cell, ¢, soas 
to produce distinct vision of the spider’s lines of the micrometer. 
The object-glass, 0, is held by a conical piece, d, d, which screws 
further into, or out of, the body of the instrument, so as to produce 
distinct vision of the divided limb, to be read by the microscope, 
and, when adjusted, is held firmly in its place by the nut, b, b. The 
microscope screws into a collar, so as to be capable of adjustment 
with respect to its distance from the divided limb, and when so 
adjusted, is held firmly in its place by the nuts, n, n, n’, n’. 
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Adjustments of the Reading Microscope.—Screw the object glass 
home. Insert the body of the microscope into the collar destined 
to receive it, and screw home the nuts, n,# and”,n. Make the 
diaphragm and spider’s lines visible distinctly, by putting the eye- 
piece, e, the proper depth into the cell, c. Then make the pra- 
duated limb also distinctly visible without parallax by turning the 
nuts, n,n, and ”, ”, unscrewing one and screwing up the other 
till the desired object is attained. 

Now bring the point of intersection of the spider’s lines upon a 
stroke of the limb, and turn the micrometer head, m, to zero; then, 
turning the screw through five revolutions, if the point of inter- 
section of the spider’s lines has not moved over the whole of one of 
the divided. spaces on the limb, the object lens must be screwed up 
to diminish the power by turning the cone, d, d; and if it has moved 
over more than one of the divided spaces, it must be unscrewed to 
increase the power, and then altering the position of the micros- 
cope, by turning the nuts, n,n and ”, #, till distinct vision of the 
limb is again obtained, the measure of the space, moved over by 
five revolutions of the screw, must be repeated, as before. When, 
after repeated trials, the result is satisfactory, the three nuts », ”, 
n'n, and b, b, must be screwed tight home, to render the adjust- 
ment permanent. 

When the microscope has been thus adjusted for distance, the 
zero of the division on the limb must be brought to the point of 
intersection of the spider’s lines, and the divided head, m, turned, 
till its zero is pointed to by its index, and then, if the zero on the 
comb, ¢, c, be not covered exactly by the index, i, the comb must 
be moved by turning the screw, t, which enters the bottom of the 
micrometer box, till its zero is covered by the index pin. The 
adjustment of the reading microscope will now be perfect; and the 
graduated limb to be read by it, being divided at every five 
minutes, the degree and nearest five minutes of an observed angle 
will be shown by the pointer or index to this graduated limb; 
while the number of complete revolutions, and. the parts of a revo- 
lution, of the screw, in the order of the numbers upon the micro- 
meter head, m, required to bring the point of intersection of the 
spider’s lines upon a division of the graduated limb, will be the 
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number of minutes and seconds, respectively, to be added to the 
degrees and minutes shown by the index of the circle, The com- 
plete revolutions, or minutes, to be added, are shown by the number 
of teeth the index, ¢, has passed over from zero, and the parts of a 
revolution, or seconds and tenths to be added, are pointed out upon 
the micrometer head, , by its index. 


TroucHTon’s REFLECTING OIRcLE. 


Tas instrument is frequently used in India, as possessing very 
superior qualities over the sextant. 





The above figure represents the Reflecting Circle, which in 
principle and use is the same as the sextant. 

It has three vernier readings, A B C, moving round the same 
centre as the index-glass, E, which is upon the opposite face of the 
instrument. One of the verniers, B, carries the clamp and tangent- 
screw. D represents the microscope for reading the verniers; it 
is similar to the one used in reading the sextant, and is adapted to 
each index-bar, by slipping it on a pin placed for that purpose, as 
shown in the figure. The horizon-glass is shown at F. The barrel, 
G, contains the screws for giving the up-and-down motion to the 
telescope ; it is put in action by turning the milled head under the 
barrel. His the telescope, adapted to the instrument in a manner 
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similar to that of the sextant. I and J are two handles fixed 
parallel to the plane of the circle, and a third handle, K, is screwed 
on at right angles to that plane, and can be transferred to the 
opposite face of the instrument by screwing it into the handle, I; 
the use of this handle is for convenience in reading and in holding 
the instrument, when observing angles that are nearly horizontal ; 
it can be shifted, according as the face of the instrument is held 
upwards or downwards. The requisite dark glasses are attached 
to the framework of the circle, to be used in the same manner and 
for the same purposes as those of the sextant. With respect to the 
adjustments and application of this instrument, we cannot do better 
than use the words of the inventor, Mr. Troughton, contained in a 
paper which he calls 


“ Directions for observing with Troughton’s Reflecting Circle. 

‘‘ Prepare the instrument for observation by screwing the teles- 
cope into its place, adjusting the drawer to focus, and the wires 
parallel to the plane exactly as you do with a sextant: also set the 
index forwards to the rough distance of the sun and moon, or moon 
and star; and holding the circle by the short handle, direct the 
telescope to the fainter object, and make the contact in the usual 
way. Now read off the degree, minute, and second, by that branch 
of the index to which the tangent-screw is attached; also the 
minute and second shown by the other two branches; these give 
the distance taken on three different sextants; but as yet, it is only 
to be considered as half an observation: what remains to be done, 
is to complete the whole circle, by measuring that angle on the 
other three sextants. Therefore set the index backwards nearly to 
the same distance, and reverse the plane of the instrument, by 
holding it by the opposite handle, and make the contact as above, 
and read off as before what is shown on the three several branches 
of the index. The mean of all six, is the true apparent distance, 
corresponding to the mean of the two times at which the observa- 
tions were made. 

“When the objects are seen very distinctly, so that no doubt 
whatever remains about the contact in both sights being perfect, 
the above may safely be relicd on as a complete set; but if from 
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the haziness of the air, too much motion, or any other cause, the 
observations have been rendered doubtful, it will be advisable to 
make more: and if, at such times, so many readings should be 
deemed. troublesome, six observations and six readings may be 
conducted in the manner following: Take three successive sights 
forwards, exactly as is done with a sextant; only take care to read 
them off on different branches of the index: also make three obser- 
vations backwards, using the same caution: a mean of these will 
be the distance required. When the number of sights taken for- 
wards and backwards are unequal, a mean between the means of 
these taken backwards and those taken forwards will be the true 
angle. 

“It need hardly be mentioned, that the shades, or dark glasses, 
apply like those of a sextant, for making the objects nearly, of the 
same brightness; but it must be insisted on, that the telescope 
should, on every occasion, be raised or lowered, by its proper screw, 
for making them perfectly so. 

“The foregoing instructions for taking distances, apply equally for 
taking altitudes by the sea or artificial horizon, they being no more 
than distances taken in a vertical plane. Meridian altitudes cannot, 
however, be taken both backwards and forwards the same day, 
because there is not time: all therefore that can be done, is, to 
observe the altitude one way, and use the index-error: but even 
here, you have a mean of that altitude, and this error, taken on 
three different sextants. Both at sea and land, where the observer 
is stationary, the meridian altitude should be observed forwards one 
day, and backwards the next, and so on alternately from day to 
day; the mean of latitudes, deduced severally, from such observa- 
tions, will be the true latitude; but in these there should be no 
application of index-error, for that being constant, the result would 
in some measure be vitiated thereby. 

‘‘When both the reflected and direct images require to be 
darkened, as is the case when the sun’s diameter is measured and 
when his altitude is taken with an artificial horizon, the attached 
dark glasses ought not to be used: instead of them, those which 
apply to the eye-end of the telescope will answer much better: the 


former having their errors magnified by the power of the telescope, 
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will, in proportion to this power, and those errors, be less distinct 
than the latter. 

“In taking distances when the position does not vary, from the 
vertical above thirty or forty degrees, the handles which are 
attached to the circle are generally most conveniently used; but 
in those which incline more to the horizontal, that handle which 
screws into a cock on one side, and into the crooked handle on the 
other, will be found more applicable. 

“When the crooked handle happens to be in the way of reading 
one of the branches of the index, it must be removed, for the time, 
by taking out the finger-screw, which fastens it to the body of the 
circle. 

“If it should happen that two of the readings agree with each 
other very well, and the third differs from them, the discordant one 
must not on any account be omitted, but-a fair mean must always 
be taken. 

“It should be stated, that when the angle is about thirty degrees, 
neither the distance of the sun and moon, nor an altitude of the 
sun, with the sea horizon, can be taken backwards; because the 
dark-glasses at that angle prevent the reflected rays of light from 
falling on the index-glass; whence it becomes necessary, when the 
angle to be taken is quite unknown to observe forwards first, where 
the whole range is without interruption; whereas, in that back- 
wards, you will lose sight of the reflected image about that angle. 
But in such distances, where the sun is out of the question, and 
when his altitude is taken with an artificial horizon, (the shade 
being applied to the end of the telescope) that angle may be 
measured nearly as well as any other; for the rays incident on the 
index-glass will pass through the transparent half of the horizon- 
glass, without much diminution of their brightness. 

“The advantages of this instrument, when compared with the 
sextant, are chiefly these: the observations for finding the index- 
error, are rendered useless, all knowledge of that being put out of 
the question, by observing both forwards and backwards. By the 
same means the errors of the dark glasses are also corrected ; for, 
if they increase the angle one way, they must diminish it the other 
way by the same quantity. This also perfectly corrects the errors 
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of the horizon-glass, and those of the index-glass very nearly. 
But what is still of more consequence, the error of the centre is 
perfectly corrected, by reading the three branches of the index ; 
while this property combined with that of observing both ways, 
probably reduces the errors of dividing to one-sixth part of their 
simple value. Moreover, angles may be measured as far as one 
hundred and fifty degrees, consequently the sun’s double altitude 
may be observed when his distance from the zenith is not less than 
fifteen degrees ; at which altitude, the head of the observer begins 
to intercept the rays of light incident on the artificial horizon ; 
and, of course, if a greater angle could be measured, it would be of 
no use in this respect. 

‘“‘This instrument, in common with the sextant, requires three 
adjustments. First, the index-glass perpendicular to the plane of 
the circle. This being dene by the maker, and not liable to alter, 
has no direct means applied to the purpose: it is known to be 
right, when, by looking into the index-glass, you see that part of 
the limb which is next you, reflected in contact with the opposite 
side of the limb, as one continued are of a circle: on tho contrary, 
when the arc appears broken, where the reflected and direct parts 
of the limb meet, it is a proof that it wants to be rectified. The 
second is, to make the horizon-glass perpendicular. This is per- 
formed by a capstan-screw, at the lower end of the frame of that 
glass ; and is known to be right, when, by a sweep of the index, 
the reflected image of any object will pass exactly over, or cover 
the image of that object seen directly. The third adjustment is, 
for making the line of collimation parallel to the plane of the circle. 
This is performed by two small screws, which also fasten the collar 
into which the telescope screws to the upright stem on which it is 
mounted; this is known to be right, when the sun and moon, 
having a distance of one hundred and thirty degrees, or more, their 
limbs are brought in contact, just at the outside of that wire which 
is next to the circle; and then, examining if it be the same, just 
at the outside of the other wire: its being so is the proof of 


adjustment. 
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On Maruematica, Drawina INSTRUMENTS. 


In this branch the Emits of our work will not permit us to enter 
upon all the contrivances that have been invented for facilitating 
the operations of the draughtsman; but we shall endeavour to 
describe, the constructions and applications of such as are in most 
genera use, and, as fur as our space will allow, to exhibit the 
principles upon which they are founded. 

With this view we shall commence with the instruments of the 
ordinary case of drawing instruments, as sold by any mathematical 
instrament maker. 

Drawina Compasses. 

Ts instrument consists of two legs movable about a joint, so 
.th &'the points at the extremities of the legs may be set at any 
wired distance from one another; it is used to transfer and 

sure distances, and to describe arcs and circles. 

he points of the compasses should be formed of well-tempered 
al, that cannot easily be bent or blunted, the upper part being 
aed of brass or silver. The joint is framed of two substances ; 
side being of the same material as the upper part of the com- 

8, either brass or silver, and the other of steel. This arrange- 
at diminishes the wear of the parts, and promotes uniformity in 
ir motion. If this uniformity be wanting, it is extremely difli- 
t to set the compasses at any desired distance, for, being opened 
slosed by the pressure of the finger, if the joint be not good, 
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they will move by fits and starts, and either stop short of, or go 
beyond the distance required; but, when they move evenly, the 
pressure may be regulated so as to open the legs to the desired 
extent, and the joint should be stiff enough to hold them in this 
* position, and not to permit them to deviate from it in consequence 
of the small amount of pressure which is inseparable from their 
use. When greater accuracy in the set of the compasses is required 
than can be effected by the joint alone, we have recourse to the 

Hair Compasses, in which the upper part of one of the steel 
points is formed into a bent spring, which, being fastened at one 
extremity to the leg of the compasses 
almost close up to the joint, is held at the 
other end by a screw. A groove is formed 
in the shank, which receives the spring 
when screwed up tight; and, by turning 
the screw backwards, the steel point may 
be gradually allowed to be pulled back- 
wards by the spring, and may again be 
gradually pulled forwards by the screw 
being turned forwards. 

Fig. 1 represents these compasses when 
shut. Fig. 2 represents them open, with 
the screw turned backwards, and the steel 
point p, in consequence moved backwards 
by its spring s, from the position represented by the dotted limes, 
which it would have when screwed tight up. 

Fig 3 represents a key, of which the two points fit into the two 
holes seen in the nut, n, of the joint; and by turning this nut the 
joint is made stiffer or easier at pleasure. 

To take a Distance with the Hair Compasses.—Open them as nearly 
as you can to the required distance, set the fixed leg on the point 
from. which the distance is to be taken, and make the extremity of 
the other leg cojncide accurately with the end of the required 


distance, by turning the screw. 
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Compasses with MoveEaBLe Pornts. 


TF an arc or circle is to be described faintly, merely as a guide 
for the terminating points of other lines, the steel points are 
generally sufficient for the purpose, 
and are susceptible of adjustment with 
greater accuracy than a pencil point; 
but in order to draw arcs or circles 
with ink or black-lead, compasses with 
@ moveable point are used. 

In the best description of these com- 
passes the end of the shank is formed 
into a strong spring, which holds , 
firmly the moveable point, or a pencil [© 
or ink point, as may be required. A | 
lengthening bar may also be attached 
between the shank and the moveable 
point, so as to strike larger circles, and 
measure greater distances. The move- 
able point to be attached to the length- 
ening bar, as also the pen point and 
pencil point, are furnished with a joint that they may be set 
nearly perpendicular to the paper. 

, the compasses, with a moveable point at B. C and D, the 

8 to set each point perpendicular to the paper. E, the pencil 

t. F, the pen point. G, the lengthening bar. 

) describe small arcs or circles a small pair of compasses, 

d bow compasses with a permanent ink or pencil point, are 

They are formed with a round head, which rolls with ease 

een the fingers. The figures on the next page present two con- 

‘tions of pen bows, Fig 1 being well adapted to describe arcs 
6 more than one inch radius, and Fig 2 to describe ares of 
radii with exactness by means of the adjusting screw C. 

of copying and reducing drawings, compasses of a peculiar 
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construction are used; the sim- 
plest form of which is that called 
wholes and halves, because the 
longer legs being twice the 
length of the shorter, when the 
former are opened to any given 
line, the shorter ones will be 
opened to the half of that line. 
By their means, then, all the 
lines of a drawing may be 
reduced to one-half, or enlarged 
to double their length. These 
compasses are also useful for 
dividing lines by continual bi- 
sections. 


PROPORTIONAL COMPASSES. 





By means of this ingenious instrument, drawings may be re 


duced or enlarged, so that all the lines of the copy, 
or the areas or solids represented by its several parts, 
shall bear any required proportion to the lines, areas, or 
solids of the original drawing. They will also serve to 
inscribe regular polygons in circles, and to take the 
square roots and cube roots of numbers. In the an- 
nexed figure the scale of lines is placed on the leg A E, 
on the left-hand side of the groove, and the scale of 
circles, on the same leg, on the right-hand side of the 
groove. The scales of plans and solids are on the 
other face of the instrument. 

To set the instrument it must first be accurately closed 
so that the two legs appear but as one; the nut C being 
then unscrewed, the slider may be moved, until the 
line across it coincides with any required division upon 
any one of the scales. Now tighten the screw, and the 
compasses are set. 


Ey 


4B 
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To reduce or enlarge the Lines of a Drawing.—The line across the 
slider being set to one of the divisions, 2, 3, 4, &c., on the scale 
of lines, the points A, B, will open to double, triple, four times, 
&c., the distances of the points D, E.* If, then, the points A and 
B be opened to the lengths of the lines upon a drawing, the points 
D and E will prick off a copy with the lines reduced in the 
proportions of $ to 1, 3 to 1, } to 1, &c.; but, if the points D 
and E be opened to the lengths of the lines upon a drawing, the 
points A and B will prick off a copy with the lines enlarged in 
the proportions of 2 to 1, 3 to 1, 4 to 1, &c. 

To mscribe mn a Circle a regular Polygon of any Number of Sides 
JSrom 6 to 20.—The line across the slider being set to any number 
on the scale of circles, and the points A and B being opened to 
the length of any radius, the points D and E will prick off a 
polygon of that number of sides, in the circle described with this 
radius; thus, if the line across the slider be set to the division 
marked 12 on the scale of circles, and a circle be described with 
the radius A B, D E will be the chord of a th part of the cir- 
cumference, and will prick off a regular polygon of 12 sides 
in it. 

To reduce or enlarge the Area of a Drauing.—The numbers upon 
the scale of plans are the squares of the ratios of the lengths of 
the opposite ends of the compasses, when the line across the 
slider is set to those numbers; and, the distances between the 
points being in the same ratio as the lengths of the corresponding 
ends,t the areas of the drawings, and of the several parts of the 
drawings, pricked off by these points, will have to one another the 
ratio of 1 to the number upon the scale of plans to which the 
instrument is set.t Thus if the line across the slider be set to 
4 on the scale of plans, the distance between the points A and B 
will be twice as great as the distance between D and E; and, if 
A and B be opened out to the lengths of the several lines of a 
drawing, D and E will prick off a copy occupying jth the area; 
if the line across the slides be set to 5 on the same scale, the 
distances between the points will be in the ratio of 1 to 75, and 

* Euchd, Book vi , Prop. 4 + Euclid, Book vi, Prop. 4 


t Euchd, Book y:, Props 19, 20, and Book xn, Prop 2. 
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the area of the copy pricked off by the points D and E will be ith 
of the area of the drawing, of which the lines are taken off by A 
and B: conversely, if the lines of the drawing be taken off by 
the points D and E, the points A and B will prick off a copy, of 
which the area will be 4 times or 5 times as great, according as 
the line across the slider is set to the division marked 4 or 5 on 
the scale. 

To take the Square Root of a Number.—The line across the slider 
being set to the number upon the scale of plans, open the points 
A and B to take the number from any scale of equal parts, then 
the points D and E applied to the same scale of equal parts will 
take the square root of the number. Thus, to take the square 
root of 3, set the line across the slider to 3, open out the compasses, 
till A and B take off 3 from any scale of equal parts, and the 
points D and E will take off 1.78, which is the square root of 3, 
from the same scale of equal parts. A mean proportional 
between two numbers, being the square root of their product, 
may be found by multiplying the numbers together, and then 
taking the square root of the product in the manner explained 
above. 

The numbers of the scale of solids are the cubes of the ratios of 
the lengths of the opposite ends of the compasses, when the line 
across the slider is set to those numbers; so that, when this line is 
set to the division marked 2 upon the scale of solids, the distance 
between the points A and B will give the side of a solid of double 
the content of that, of which a like side is given by the distance of 
the points D and E when the line is set to 3, the respective dis- 
tances of the points will give the like sides of solids, the contents 
of which will be in the proportion of 3 to 1; and so on. 

The Cube Root of a given number may be found by setting the 
line across the slider to the number upon the scale of solids, and, 
opening the points A, B, to take off the number upon any scale of 
equal parts, the points D, E, will then take off the required cube 
root from the same scale. 
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Tae Beam Compass. 

Tas instrument, consists of a beam, A, A, of any length re- 
quired, generally made of well-seasoned mahogany. Upon its face 
is inlaid throughout its whole length a slip of holly or boxwood, 
@, a, upon which are engraved the divisions or scale, either feet and 
decimals, or inches and decimals, or whatever particular scale may 
be required. 

Two brass boxes, B and C, are adapted to the beam; of which 
the latter may be moved, by sliding, to any part of its length, and 
fixed in position by tightening the clamp screw E. Connected with 
the brass boxes are the two points of the instrument G and H, 
which may be made to have any extent of opening by sliding the 
box C along the beam, the other box B, being firmly fixed at one 
extremity. 





The object to be attained, in the use of this instrument, is the 
nice adjustment of the points G, H, to any definite distance apart. 
This is accomplished by two vernier or reading plates b, c, each 
fixed at the side of an opening in the brass boxes to which they 
are attached, and affording the means of minutely subdividing the 
principal divisions a, a, on the beam, which appear through those 
openings. D is a clamp screw for a similar purpose to the screw 
E, namely, to fix the box B, and prevent motion in the point it 
carries after adjustment to position. F is a slow motion screw, by 
which the point G may be moved any very minute quantity for 
perfecting the setting of the instrument, after it has been other- 
wise set as nearly as possible by the hand alone. 

The method of setting the instrument for use may be understood 
from the above description of its parts, and also by the following 
explanation of the method of examining and correcting the adjust- 
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ment of the vernier b, which, like all other mechanical adjust- 
ments, will occasionally get deranged. This verification must be 
performed by means of a detached scale. Thus, suppose, for 
example, that our beam compass is divided to feet, inches, and 
tenths, and subdivided by the vernier to hundredths, &. First, 
set the zero division of the vernier to the zero of the principal 
divisions on the beam, by means of the slow motion screw F. 
This must be done very nicely. Then slido the box O, with its 
point G, till the zero on the vernier c, exactly coincides with any 
principal division on the beam, as twelve inches or six inches, &c. 
To enable us to do this with extreme accuracy some superior kinds 
of beam compasses have the box C also furnished with a tangent 
or slow motion screw, by which the setting of the points or 
divisions may be performed with the utmost precision. Lastly, 
apply the points to a similar detached scale, and, if the adjust- 
ment be perfect, the interval of the points, G, H, will measure on 
it the distance to which they were set on the beam. If they do 
not, by ever so small a quantity, the adjustment should be cor- 
rected by turning the screw F till the points do exactly measure 
that quantity on the detached scale; then, by loosening the little 
screws which hold the vernicr 4 in its place, the position of the 
vernier may be gradually changed, till its zero coincides with the 
zero on the beam; and, then tightening the screws again, the 
adjustment will be complete. 

In the above we have described the Boam Compass, but for all 
practical purposes, it is sufficient to have the beam made of well- 
seasoned mahogany, and to dispense with the scale and vernier. 
The box B, being made moveable on the beam, by means of the 
tangent screw, F’, the box C, can be slid along the beam to any 
extent, and the points G and H, applied to a scale of equal parts 
and adjusted to any nicety by the screw F. 

Beam Compasses made of wood, are preferable to those of brass 
or other metal, the latter being subject to greater expansion on 
account of the changes in the state of the atmosphere; they are 


also easily made up by any bazaar carpenter. 
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Tue Drawine Pen. 


Tis instrument is used for drawing straight lines. It consists 
of two blades with steel points, fixed to a handle; and they are so 
bent, that a sufficiont cavity is left between them for the ink, when 
the ends of the steel points meet close together, or nearly so. The 
blades are set with the points more or less open by means of a mill- 
headed screw, so as to draw lines of any required fineness or 
thickness. One of the blades is framed with a joint, so that by 
taking out the screw the blades may be completely opened, and the 
points effectively cleaned after use. The ink is to be put between 
the blades by a common pen; in using the pen it should be 
slightly inclined in the direction of the line to be drawn, and care 
should be taken that both points touch the paper; these observa- 
tions equally apply to the pen points of the compasses before 
described. The drawing pen should be kept close to the straight 
edge, and in the same direction during the whole operation of 
drawing the line. 


Kigl Fig,2. Figs. 
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AB 
For drawing close parallel lines in mechanical and architectural 


drawings, or to represent canals or roads, a double pen (Fig 2) 
is frequently used, with an adjusting screw to set the pen to any 
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required small dista This is usually called the road pen. The 
best pricking point is% fine needle held in a pair of forceps 
(Fig. 3). It is used to mark the intersections of lines, or to set 
off divisions from the plotting scale and protractor. This point 
may also be used to prick through a drawing upon an intended 
copy, or, the needle being reversed, the eye end forms a good 
tracing point. 


A Srraicur Ener. 


As many instruments are required to have straight edges for 
the purpose of measuring distances, and of drawing straight lines, 
it may be considered important to test the accuracy of such edges. 
This may be done by placing two such edges in contact and 
sliding them along each other, while held up between the eye and 
the light: if the edges fit close in some parts, so as to exclude the 
light, but admit it to pass between them at other parts, the edges 
are not true: if, however, the edges appear, as far as the test has 
now proceeded, to be true, still this may arise from a curvature in 
one edge fitting into an opposite curvature in the other; the final 
step then is to take a third edge, and try it in the same manner 
with each of the other two, and, if in each case the contact be 
close throughout the whole extent of the edges, then they are all 
three good. 

“To draw a straight line between two points upon a plane, we 
lay a rule so that the straight edge thereof may just pass by the 
two points; then, moving a fine pointed needle, or drawing pen, 
along this edge, we draw a line from one point to the other, which 
for common purposes, is sufficiently exact; but, where great 
accuracy is required, it will be found extremely difficult to lay the 
rule equally with respect to both the points, so as not to be nearer 
to one point than the other. It is difficult also so to carry the 
needle, or pen, that it shall neither incline more to one side than 
the other of the rule; and thirdly, it is very difficult to find a 
rule that shall be perfectly straight. 

“Tf the two points be very far distant, it is almost impossible 
to draw the line with accuracy and exactness; a circular line may 
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be described more easily, and more er bem a straight or any 


other line, though even then many diffiéulties occur, when the 
circle is required to be of a large radius. 

“And let no one consider these reflections as the effect of too 
scrupulous exactness, or as an unnecessary aim at precision ; for, 
as the foundation of all our knowledge in geography, navigation, 
and astronomy, is built on observations, and all observations are 
made with instruments, it follows that the truth of the observa- 
tions and the accuracy of the deductions therefrom, will principally 
depend on the exactness with which the instruments are made and 
divided, and that those sciences will advance in proportion as 
these are less difficult in their use, and more perfect in the per- 
formance of their respective operations.” 


PARALLEL RULEs. 


Parailel lines occur so continually in every species of mathe- 
matical drawing, that it is no wonder so many instruments have 
been contrived to delineate them with more expedition than could 
be effected by the general geometrical methods: of the various 
contrivances for this purpose, the following are those most 
approved. 

The Common Parallel Rule.—This consists of two straight rules, 
which are connected together, and always maintained in a parallel 
position by the two equal and parallel bars, which move very freely 
on their centres, or rivets, by which they are fastened to the rules. 


&a ot | 
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The Double Parallel Rule—This instrument is constructed 
exactly upon the same principles as the foregoing, but with this 
advantage, that in using it, the moveable rule may always be so 
placed, that its ends may be exactly over, or even with the ends 
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of the fixed rule, whereas in the former kind, they are always 
shifting away from the ends of the fixed rule; it consists of two 
equal flat rules, and a middle piece; they are connected together 
by four brass bars, the ends of two bars are rivetted on the 
middle line of one of the straight rules; the ends of the other 
two bars are rivetted on the middle line of the other straight rulo; 
the other ends of the brass bars are taken two and two, and 
rivetted on the middle piece, as is evident from the figure. 
It would be needless to observe, that the brass bars move freely on 
their rivets, as so many centres. 


~LZZ 
SS 





The Cross-barred Parallel Rule.—In this, two straight rules are 
joined by two brass bars, which cross each other, and turn on 
their intersection as on a centre; one end of each bar moves on a 
centre, the other slides in a groove, as the rules recede from cach 
other. 





As the three parallel rules above described are all used in the 
same way, one problem will serve for them all 


A right line being given, to draw a hne parallel thereto by ether of 
the foregoing instruments : 


Set the edge of the uppermost rule to the given line; press the 
edge of the lower rule tight to the paper with one hand, and with 
the other move the upper rule, till its edge coincides with the 
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given point; and a line drawn along the edge through the point 
is the line required. 

The Rolling Parallel Rule, is a rectangular parallelogram of 
black ebony or brass. It is supported by two small wheels, which 
are connected together by a long axis, the wheels being exactly of 
the same size, and their rolling surfaces being parallel to the axis, 
When they are rolled backwards or forwards, the axis and rule 
will move in a direction parallel to themselves. 


The wheels are somewhat indented, to prevent their sliding on 
the paper. In rolling these rules, one hand only must be used, 
and. the fingers should be placed nearly in the middle of the rule 
that one end may not have a tendency to move faster than the 
other. The wheels only should touch the paper when the rule is 
moveing, and the surface of the paper should be smooth and flat. 
This rule is sometimes made with slips of ivory laid on the edges 
and divided into inches and tenths. 
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ScALES. 


Scares of equal parts are used for measuring straight lines, and 
laying down distances, each part answering for one foot, one yard, 
one chain, &c., as may be convenient, and the plan will be larger 
or smaller as the scale contains a smaller or a greater number of 
parts in an inch. 

Scales of equal parts may be divided into three kinds; simply 
divided scales, diagonal scales, and vernier scales. 

Simply divided Scales—Simply divided scales consist of any 
extent of equal divisions, which are numbered 1, 2, 3, &c., begin- 
ning from the second division on the left hand. The first of these 
primary divisions is subdivided into ten equal parts, and from these 
last divisions the scale is named. Thus it is called a scale of 30, 
when 30 of these small parts are equal to one inch. If, then, 
these subdivisions be taken as units, each to represent one mile, 
for instance, or one chain, or one foot, &c., the primary divisions 
will be so many tens of miles, or of chains, or of feet, &c.; if the 
subdivisions are taken as tens, the primary divisions will be 
hundreds ; and, if the primary divisions be units, the subdivisions 
will be tenths. 
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The above diagram represents six of the simply divided scales, 
which are generally placed upon the plain scale. To adapt them 
to feet and inches, the first primary division is divided duo- 
decimally upon an upper line. To lay down 360, or 36, or 3.6, 
&c., from any one of these scales, extend the compasses from the 
primary division numbered 3 to the 6th lower subdivision, reckon- 
ing backwards, or towards the left hand. To take off any number 
of feet and inches, 6 feet 7 inches for instance, extend the com- 
passes from the primary division numbered 6, to the 7th upper 
subdivision, reckoning backwards, as before. 

Diagonal Scales—In the simply divided scales one of the 
primary divisions is subdivided only into ten equal parts, and the 
parts of any distance which are less than tenths of a primary 
division cannot be accurately taken off from them; but, by means 
of a diagonal scale, the parts of any distance which are the 
hundredths of the primary divisions are correctly indicated, as 
will easily be understood from its construction, which we proceed 
to describe. 

Draw eleven parallel equidistant lines; divide the upper of 
these lines into equal parts of the intended length of the primary 
divisions; and through each of these divisions draw perpendicular 
lines, cutting all the eleven parallels, and number these primary 
divisions, 1, 2, 3, &c., beginning from the second. 

Subdivide the first of these primary divisions into ten equal 
parts, both upon the highest and lowest of the eleven parallel 
lines, and let these subdivisions be reckoned in the opposite direc- 
tion to the primary divisions, as in the simply divided scales. 

Draw the diagonal lines from the tenth subdivision below to the 
ninth above. From the ninth below to the eighth above, and so 
on, till we come to a line from the first below to the zero point 
above. Then, since these diagonal lines are all parallel, and con- 
sequently everywhere equi-distant, the distance between any two 
of them in succession, measured upon any of the eleven parallel 
lines which they intersect, is the same as this distance measured 
upon the highest or lowest of these lines, that is, as one of the 
subdivisions before mentioned. But the distance between the 
perpendicular, which passes through the zero point, and the 
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diagonal through the same point, being nothing on the highest 
line, and equal to one of the subdivisions on the lowest line, is 
equal* to one-tenth of a subdivision on the second line, to two- 
tenths of a subdivision on the third, and so on; so that this, and 
consequently each of the other diagonal lines, as it reaches each 
successive parallel, separates further from the perpendicular 
through the zero point by one-tenth of the extent of a subdivision, 
or one-hundredth of the extent of a primary division. 





= — a aaa the two diagonal scales which are 
usually placed upon the plain scale of six inches in length. In 
one, the distances between the primary divisions are each half an 
inch, and in the other a quarter of an inch. The parallel next to 
the figures numbering these divisions must be considered the 
highest or first parallel in each of these scales to accord with the 
above description. 

The primary divisions being taken for units, to set off the 
numbers 5°74 by the diagonal scale. Set one foot of the com- 
passes on the point where the fifth parallel cuts the eighth 
diagonal line, and extend the other foot to the point where the 
same el cuts the fifth vertical line. 

The primary divisions being reckoned as tens, to take off the 
number 46.7. Extend the compasses from the point where the 
eighth parallel cuts the seventh diagonal to the point where it 
cuts the fourth vertical. 

The primary divisions being hundreds, to take off the number 
253. Extend the compasses from the point where the fourth 
parallel cuts the sixth diagonal to the point where it cuts the 
second vertical. 

Now, since the first of the parallels, of the diagonals, and of 
the verticals indicate the zero points of the third, sccond, and 
first figures respectively, the second of cach of them stands for, 
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and is marked, I, the third, %, ahd go on, and we have the 
following general rule: 

To take off any number to three places of figures upon a Diagonal 
Scale—On the parallel indicated by the third figure, measure 
from the diagonal indicated by the second figure to the vertical 
indicated by the first. 

Vernier Scales—The nature of these scales will be understood 
from their construction. To construct a vernier scale, which 
shall enable us to take off a number to three places of figures, 
divide all the primary divisions into tenths, and number these 
subdivisions, 1, 2, 3, &c., from the left hand towards the right 
throughout the whole extent of the scale. 





Take off now, with the compasses, eleven of these subdivisions, 
set the extent off backwards from the end of the first primary 
division, and it will reach beyond the beginning of this division, 
or zero point, a distance equal to one of the subdivisions. Now 
divide the extent thus set off into ten equal parts, marking the 
divisions on the opposite side of the divided line to the strokes 
marking the primary divisions and the subdivisions, and number 
them 1, 2, 3, &c., backwards from right to left. Then, since the 
extent of eleven subdivisions has been divided into ten equal 
parts, so that these ten parts exceed by one subdivision the extent 
of ten subdivisions, each one of these equal parts, or, as it may be 
called, one division of the vernicr scale, exceeds one of the sub- 
divisions by a tenth part of a subdivision, or a hundredth part of 
@ primary division. In our figure the distances between the 
primary divisions are each one inch, and, consequently, the dis- 
tances between the subdivisions are each one-tenth of an inch, 
and the distance between the divisions of the vernier scale each 
one-tenth and one-hundredth of an inch. 

To take off the number 253 from this scale. Increase the 
first figure 2 by 1, making it 3; because the vernier scale com- 
\mences at the end of the first primary division, and the primary 
{divisions are measured from this point and not from the zero 
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point.* The first thus increased with the second now represents 
35 of the subdivisions from the zero point, from which the third 
figure, 3, must be subtracted, leaving 32; since three divisions 
of the vernier scale will contain three of these subdivisions, 
together with three-tenths of a subdivision. Place then, one 
point of the compasses upon the third division of the vernier 
scale, and extend the other point to the 32nd subdivision, or the 
second division beyond the 3rd primary division, and, laying down 
the distance between the points‘of the compass, it will represent 
2538, or 25.8, or 2.538, according as the primary divisions are taken 
as hundreds, tens, or units. 

General Rule.—To take off any number to three places of figures 
upon this vernier scale. Increase the first figure by one, subtract 
the third figure from the second, Lorrowing one from the first 
increased figure, if necessary, and extend the compasses from the 
division upon the vernier scale, indicated by the third figure to 
the subdivision indicated by the number remaining after perform- 
ing the above subtraction. 

Suppose it were required to take off the number 253.5. By 
extending the compasses from the third division of the vernier 
scale to the 32nd subdivision, the number 253 is taken off, as we 
have seen. To take off, therefore, 253.5, the compasses must be 
extended from one of these pots to a short distance beyond the 
other. Again, by extending the compasses from the 4th division 
of the vernier scale to the 3lst subdivision, the number 254 would 
be taken off. To take off 253.5, then the compasses must be 
extended from one of these points to within a short distance of 
the other; and, by setting the compasses so that, when one point 
of the compasses is set successively on the 3rd and 4th division 
of the vernier scale, the other point reaches as far beyond the 32nd 
subdivision as it falls short of the 31st, the number 253.5 is taken 
off. If the excess in one case be twice as great as the defect 
in the other, the distance represents the number 253%, or 253.66 ; 
and if the excess be half the defect, the distance represents 253}, 
or 253.33. Thus distances may be set off with an accurately 

* If the vernier scale were placed to the left of the sero poimt, a distance less than 
one primary division could not always be found upon the scale. 
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constructed scale of this kind to within the three-hundredth part 
of a primary division, unless these divisions be themselves very 
small. 


We are not aware that a scale of this kind has been put upon 
the plain scales sold by any of the instrument makers; but, during 
the time occupied in plotting an extensive survey, the paper which 
receives the work is affected by the changes which take place in 
the hygrometrical state of the air, and the parts laid down from 
the same scale, at different times, will not exactly correspond, 
unless this scale has been first laid down upon the paper itself, and 
all divisions have been taken from the scales so laid down, which 
is always in the same state of expansion as the plot. For plotting, 
then, an extensive survey, and accurately filling in the minutia, a 
diagonal, or vernier scale may advantageously be laid down upon 
the paper upon which the plot is to be made. A vernier scale is 
preferable to a diagonal scale, because in the latter it is extremely 
difficult to draw the diagonals with accuracy, and we have no 
check upon its errors; while in the former the uniform manner in 
which the strokes of one scale separate from those of the other is 
some evidence of the truth of both. 


PRorTrRAcrinG ScALES. 


Tux nature of thesa scales will be understood from the following 
tion. (Plate IT. Fig 1.) 

ith centre O, and radius OA, describe the circle ABCD; and 
ugh the centre O draw the diameters AQ, and BD, at right 
fangles te each other, which will divide the ¢ircle into four 
, BC, CD, and DA. 

Divide the quadrant CD into nine equal parts, each of which 
will contaimften degrees, and these parts may again be subdivided 
into de and, if the circle be sufficiently large, into minutes. 

Set one@oot of the compasses upon C, and transfer the divisions 
t CD to the right line CD, and we shall havea 
wcale of Chordsr* 
nstructions in the text # show the nature of the scales, but in 


chords is most accurately constructed by values computed from 
O 
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From the divisions in the quadrant CD, draw right lines parallel 
to DO, to cut the radius OC, and, numbering the divisions from O, 
towards ©, we shall have a scale of sines. 

¥f shoe same divisions be numbered from C, and continued to A, 
we have a scale of versed sines. 

From the centre O, draw right lines through the divisions of 
the quadrant CD, to meet the line CT, touching the circle at OC, 
and, numbering from C, towards T, we shall have a scale of 
Tangents. 

Set one foot of the compasses upon the centre O, and transfer 
the divisions in CT into the right line OS, and we shall have a 
scale of Secants. 

Right lines, drawn from A to the several divisions in the 
quadrant CD, will divide the radius OD into a line of Semi-tan- 
gents, or tangents of half the angles indicated by the numbers; 
and the scale may be, continued by continuing the divisions from 
the quadrant CD, through the quadrant DA, and drawing right 
lines from A, through these divisions to meet the radius OD, 
produced. 

Divide the quadrant AD into eight equal parts, subdivide each 
of these into four equal parts, and, setting one foot of the com- 
passes upon A, transfer these divisions go the right line AD, and 
we shall have a scale of Rhumbs. 

Divide the radius AO into 60 equak parts, and number them 
from O towards A; through these divisions draw right linyes 
parallel fo the radius OB, to meet the quadrant AB; and fin 
one foot of the ses upon A, transfer these divisions 7m. 
the quadrant to the right line AB, and we shall have a scale of 
Longitudes. 

Place the chord of 60°, or radius,* between the ralii OC and 
OB, meeting them at equal distances from the ce:tre; divide 


tabulated arithmetical values of smes, which computed values are set off from a scale 
of equal parts, and the circle is divided most accurately by means of such computed 
chords. The limits of this work forbid our entermg further upon this interesting 
subject. All the other scales will also be most, accurately constructed from computed 
arithmetical values, taken off by means of the beam compasses hereafter described, F | anc 
corrected by the aid of a good Bird’s vermer scale — 
* Chord of 60° 1s equal to radius, Part I. Chap, 2, Theor. 14. 
[y’ art 0 
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the quadrant CB into six equal parts, for intervals of hours, sub- 
dividing each of these parts into 12 for intervals of 5 minutes, 
and further subdividing for single minutes if the circle be large 
enough ; and from the centre O, draw right lines to the diyisions 
and subdivisions of the quadrant, intersecting the chord o¥adius 
placed in the quadrant; and we shall have a scale of Hours. 

Prolong the touching line TC to L; set off the scale of sines 
from C to L: draw right lines from the centre O to the divisions 
upon CL, and from the intersections of these lines with the 
quadrant CB draw right lines parallel to the radius OC, to meet 
the radius OB, and we shall have a scale of Latitudes.* __ 

Corresponding lines of hours and latitudes may also be con- 
structed (as represented in our figure) more simply, and on a scale 
twice as large as by the preceding method, as follows: 

With the chord of 45° set off from B to E, and again from 
B to F, we obtain a quadrant EF bisected in B; and, the chord 
of 60° or radius being set off from A, C, F, and E, this quadrant 
is divided into six equal parts. From the centre O, draw straight 
lines through these divisions to meet the line touching the circle 
at B, and we shall have the line of Hours. 

From the point D, draw right lines through the divisions upon 
the line of sines OC, to fmeet the circumference BC, and trans- 
ferring these divisions from B, as a centre to the chord BC, we 
shall have the correspomjing line of Latitudes. 

It is not necessary that these scales should all be projected to 
the same radius; but those which are used together, as the rhumbs 
and chords, the chords and longitudes, the sities, tangents, secants, 
and semi-tangents, and, lastly, the hours and latitudes, must be 
so constructed necessarily. In the diagram (Plate IT. Fig. 2) we 
have laid down the hours and latitudes to a radius equal to the 
whole length of the scale, the other lines being laid down to the 
radius used in the foregoing construction. 


* The line of latitudes is a ne of sines, to radius equal the whole length of the line 
of hours, of the angles, of which the tangents are equal to the smes of the latitudes. 
The middle ofthe hour ne bemg nunfbered for three o'clock, the divisions for the other 
hours are found by setting off both ways from the middle the tangents of 15°, #. 
being the number of hours from three o'clock, that 1s, one for two o’clock, and four 
o'clock, two for one o’clock and five o'clock, and three for twelve o'clock and six o'clock 


CHAPTER VIII. | 0 2 


196 


The Line of Chords is used to set off an angle, or to measure an 
angle already laid down. (Page 23, 24.) 

Zhe Line of Riumbs is a scale of the chords of the angles of 
deviation from the meridian denoted from the several points and 
quarter points of the compass, enabling the navigator, without 
computation, to lay down or measure a ship’s course upon a chart. 
Thus, supposing the ship’s course to be N.N.E. ? E. Through the 
point A, representing the ship’s place upon the chart, 
draw the meridian AB, and with centre A and distance 
equal to the extent of 60° upon the line of chords, 
describe an are cutting AB in B; then on the line 
of rhumbs take the extent to the third subdivision 
beyond the division marked 2, because N.N.E. is 
the second point of the compass from the north, and 
with one foot of the compasses on B describe an arc 
intersecting BC in C: join AC, and the angle BAC 
will represent the ship’s course. On the other hand, if a ship is 
to be sailed from the point A to a point on the line AC on a chart, 
draw the meridian AB, describe an arc BC with radius equal to 
the chord of 60°, as before, and the extent from B to ©, applied to 
the line of rhumbs, will give 2 Pts. 3 Qrs., denoting that the ship 
must be sailed by the compass N.N.E. 2 E. 

The Lane of Longitudes shows the number of equatorial miles in 
a degreggof longitude on the parallels of latitude indicated by the 
degrees on the corresponding points of the line of chords. 

Example —A ship in latitude 60° N. sailing E. 79 miles, required. 
the difference of longitude between the beginning and end of her 
course. Opposite 60 on the line of chord stands 30 on the line of 
longitudes, which is, therefore, the number of equatorial miles in 
a degree of longitude at that latitude. 

Hence, as 30: 79°: 60 : 158 miles, the required difference of 
longitude. 

The Lines of Sines, Secants, Tangents, and Semi-tangents are 
principally used for the several projections, or perspective repre- 
sentations, of the circles of the sphere, by means of which maps 
are constructed. Thus, the meridians and parallels of latitude 
being projected, the countries intended to be represented are traced. 
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out according to their respective situations and extent, the position 
of every point being determined by the intersection of its given 
meridian and parallel of latitude. 


Maravots’ ScaLgs. 


Trese scales consist of a right-angle triangle, of which the 
hypothenuse or longest side is three times the length of the 
shortest, and two rectangular rules. The accompanying diagram 
represents the triangle and one of the rules, as being used to draw 





a series of parallel lines. Either rule is one foot long, and has, 
parallel to each of its edges, two scales, one placed clo&e to the 
edge and the other immediately within this, the outer being 
termed the artificial, and the inner, the natural scale. The divi- 
sions upon the outer scale are three times the length of those 
upon the inner scale, so as to bear the same proportion to each 
other that the longest side of the triangle bears to the shortest. 
Each inner, or natural scale, is, in fact, a simply divided scale 
of equal parts having the primary divisions numbered from the left 
hand to the right throughout the whole extent of the rule. The 
first primary division on the left hand is subdivided into ten equal 
parts, and the number of these subdivisions in an inch is marked 
underneath the scale, and gives it its name. On one of the pair 
of Marquois’ scales now before us, we have, on one face, scales of 
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30 and 60, on the obverse, scales of 25 and 50, and on the other 
we have on one face scales of 35 and 45, and on the obverse, 
seales of 20 and 40. In the artificial scales the zero point is 
placed in the middle of the edge of the rule, and the primary 
divisions are numbered both ways from this point to the two ends 
of the rule, and are every one, subdivided into ten equal parts, 
each of which is, consequently, three times the length of a sub- 
division of the corresponding natural scale. 

The triangle has a short line drawn perpendicular to the hypo- 
thenuse near the middle of it, to serve as an index or pointer; and 
the longest of the other two sides has a sloped edge. 

To draw a Inne parallel to a gwen Lane, at a given distance from it. 
Ist.—Having applied the given distance to the one of the natural 
scales which is found to measure it most conveniently, place the 
triangle with its sloped edge coincident with the given line, or 
rather at such small distance from it, that the pen or pencil passes 
directly over it when drawn along the edge. 2nd. Set the rule 
closely against the hypothenuse, making the zero point of the 
corresponding artificial scale coincide with the index upon the 
triangle. 3rd. Move the triangle along the rule, to the left or 
right, according as the required line is to be above or below the 
given line, until the index coincides with the division or sub- 
division corresponding to the number of divisions or subdivisions 
of the natural scale, which measures the given distance; and the 
line drawn along the slope edge in its new position will be the 
line required.* 

Note.—The natural scale may be used advantageously in setting 
off the distances in a drawing, and the corresponding artificial 
scale in drawing parallels at required distances. 

Lo draw a Inne perpendicular to a gwen Lane from a given pomt 
in tt. gst. Make the shortest side of the triangle coincide with 

* If ABC represent the triangle in its new position, and the dotted lincs represent 
its orginal position, we have, by sumilar triangles, 


ABC, A’AD, Dp « 
AD AA’ BC BA A] “] 
| ae 
and therefore AD contams as many division a | 
of the natural as AA’ contains of the artificial 
scale. 
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the given line, and apply the rule closely against the hypothenuse. 
2nd. Slide the triangle along the rule until a ling drawn along 
the sloped edge passes through the given point; and the line go 
drawn will be the line required. 

The advantages of Marquois’ scales are: Ist, that the sight is 
greatly assisted by the divisions on the artificial scale being so 
much larger than those of the natural scale to which the drawing 
is constructed: 2nd, that any error in the setting of the index 
produces an error of but one-third the amount in the drawing. 

If the triangle be accurately constructed, these scales may be 
advantageously used for dividing lines with accuracy and despatch. 


PLortine Sca Es. 

Prorrine scales, also called feather-edge scales, are straight 
rules, usually about ten or twelve inches long. Each rule has 
scales of equal parts, decimally divided, placed upon its edges, 
which are made sloping, so that the extremities of the strokes 
marking the divisions lie close to the paper. The primary divisions 


Slution Line 








represent chains and the subdivisions, consequently, ten links each, 
as there are 100 links on the surveying chain. Plotting scales 
may be procured in sets, each with a different number of chains 
to the inch. 

The advantages of this arrangement are, that the distances 
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required #an be transferred with great expedition from the scale 
to the paper by the aid of the pricking point alone, and the 
marks denoting the divisions are in no danger of becoming de- 
faced, as upon the plain scale, by the frequent application of the 
compasses. ; 

For plotting offsets, measured to the right and left of station 
lines, ivory or brass scales with fiducial edges may be employed. 

The above diagram represents an ingenious contrivance for an 
offset scale; the graduated scale, A, A, is perforated nearly its 
whole length by a dovetail-shaped groove, for the reception of a 
sliding piece which is fastened to the crosa scale, B, B, by the 
screw, C. It will readily be understood from an inspection of the 
figure, that the cross scale, B, slides along the scale, A, the whole 
length of the groove, and at right angles to it. The graduations 
on both the scales represent either feet or links, &c., or whatever 
length may have been assumed as the unit in the operation of 
measuring. The mode of its application is simply this: place the 
scale, A, A, on the paper, parallel to the line on which the offsets 
are to be plotted, and at such a distance, that the zero division on 
the cross scale, B, (which is placed about its middle) may coincide 
with it as the scale slide along, and also that the zero of the scale 
A, may be exactly opposite that end of the line at which the 
measurement commenced ; then, in sliding the scale B, from the 
beginning of the line, stop it at every divisional line on A, cor- 
responding to the distance on the station line at which an 
offset was taken, and lay off the exact length of the offset 
from the edge of the scale, B, either to the right or left of the 
station line, to which it will be at right angles as taken in the 
field; the instrument thus gives both dimensions at the same time. 
It is perhaps needless to add, that the extremities of the offsets 
being connected, will represent the curved line, &c. to which they 
were measured; weights may be placed at the two ends of the 
scale, A, A, to keep it steadily in its position. In our figure, the 
instrument is represented as in the act of plotting offsets upon a 
station line. 

It may be useful here to add a few remarks on the scales used 
in plotting a survey. 
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One Chain to an inch (80 inches to 1 mile) is pethaps the 
largest scale used in plans of land and road surveys, and is 
adopted only where great clearness is required, and when the 
work is of limited extent. It is a very useful scale for plans of 
building or pleasure grounds. 

Two Chains to an inch (40 inches to 1 mile) is a very clear 
scale for land surveys, the extent of which is not very great. It 
may likewise be used with advantage for gardens and building 
grounds. 

Three Chains to an inch (26? inches to 1 mile) has hitherto not 
been in very general use, it is, however, the smallest scale that can 
with safety be used in all cases for plans, from which the contents 
are to be computed. 

Four Chains to an inch (20 inches to 1 mile) is a scale frequently 
employed in plotting surveys of estates, and is very convenient for 
either enlargement or reduction. 

Smaller scales are usually employed in extensive operations: 6 
inches to 1 mile is a large scale for the survey of a district, 4 
inches to 1 mile is the scale used on the Revenue surveys for 
Village maps; 1 inch to 1 mile for Pergunnah maps, and in the 
Revenue Surveyor General’s Office, in the compilation of the 
Geographical maps, 4 miles to 1 inch is made use of. 
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INSTRUMENTS FoR Prorrina A SURVEY. 


In plotting a Survey, as in taking it, due regard must be had 
to both accuracy and despatch, and we should aim to lay down the 
various points observed with an accuracy proportionate to the accu- 
racy of the survey itself. For this purpoge, certain instruments 
are used, a short description of which we will here give. 

Tue PrRorracror. 

Tuts is an instrument used to protract, or lay down an angle, 
containing any number of degrees, or to find how many degrees are 
contained in any given angle. There are two kinds put into cases 
of mathematical drawing instruments, one in the form of a semi- 
circle, the other in the form of a parallelogram. The circle is un- 
doubtedly the only natural measure of angles; when a straight 
line is, therefore, used, the divisions thereon are derived from a 
circle, or its properties, and the straight line is made use of for 
some relative convenience: it is thus the parallelogram is often 
used as a protractor, instead of the semicircle, because it is in some 
cases more convenient, and that other scales, &c., may be placed 
upon it. 


Tae SemicrecotaR Prorracror. 

Tus instrument is divided into 180 equal parts or degrees, 
which are numbered at every tenth degree each way, for the con- 
venience of reckoning either from the right towards the left, or 
from the left towards the right ; or the more easily to lay down an 
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angle from either end of the line, beginning at each end with 10, 
20, &c., and proceeding to 180 degrees. The edge is the diameter 
of the semicircle, and the mark in the middle points out the centre. 





THe RecranauLak Prorractor. 

Tue divisions are here as in the semicircular one numbered both 
ways; the blank side represents the diameter of a circle. The side 
of the protractor to be applied to the paper is made flat, and that 
whereon the degrees are marked, is chamfered or sloped away to 
the edge, that an angle may be more easily measured, and the 
divisions set off with Bouts exactness. 





APPLICATION OF THE PROTRACTOR TO USE. 
A number of degrees being gwen, to protract, or lay down an angle 
whose measure shall be equal thereto. 


To lay down an angle of 60 degrees from the © 1 


point A of any line AB, apply the diameter of 

the protractor to the line AB, so that the cen- 

tre thereof may coincide exactly with the point 

A; then with a protracting pin make a fine dot 

at C against 60 upon the limb of the protractor, » 

now remove the protractor, and draw a line from A through the 
point C, and the angle CAB, contains the given number of degrees. 
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To find the number of degrees contained in a given angle BAO. 
Place the centre of the protractor upon the angular point A, 
and the fiducial edge, or diameter, exactly upon the line AB; 
then the degree upon the limb that is cut by the line CA, will be 
the measure of the given angle, which, in the present instance, is 
found to be 60 degrees. 


From a given point A, in the line AB, to erect a perpendicular to that 
kine. 

Apply the protractor to the line AB, so that the centre may co- 
incide with the point A, and the division marked 90 may be cut 
by the line AB, then a line DA drawn against the diameter of the 
protractor will be perpendicular to AB. 


Tae OrrcuLar Prorracror. 


Te circular protractor is a complete circle, A, A, connected 
with its centre by four radii a, a,a,a. The centre is left open, 
and surrounded by a concentric ring, or collar, ’, which carries two 
radial bars, ¢, "¢. To the extremity of one bar is a pinion d, 
working in a toothed rack quite round the outer circumference of 
the protractor. To the opposite extremity of the other bar ¢, is 
fixed a vernier, which subdivides the primary divisions on the pro- 





tractor to single minutes, and by estimation to 30 seconds. This 
vernier, as may readily be understood from the engraving, is car- 
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ried round the protractor by turning the pinion d. Upon each 
radial bar c, c, is placed a branch e, e, carrying at their extremities 
a fine steel pricker, whose points are kept above the surface of the 
paper by springs placed under their supports, which give way when 
the branches are pressed downwards, and allow the points to make 
the necessary punctures in the paper. The branches e, e, are 
attached to the bars ¢, c, with a joint which admits of their being 
folded backwards over the instrument when not in use, and for 
packing in its case. The centre of the instrument is represented 
by the intersection of two lines drawn at right angles to each other 
on a piece of plate glass, which enables the person using it to 
place it so that the centre, or intersection of the cross-lines, may 
coincide with any given point on the plan. If the instrument is in 
correct order, a line connecting the fine pricking points with each 
other would pass through the centre of the instrument, as denoted 
by the before-mentioned intersection of the cross-lines upon the 
glass, which it may be observed, are drawn so nearly level with the 
under surface of the instrument as to do away with any serious 
amount of parallax, when setting the instrument over a point from 
which any angular lines are intended to be drawn. 

In using this instrument the vernier should first be set to zero 
(or the division marked 360) on the divided limb and then placed 
on the paper, so that the two fine steel points may be on the given 
line (from whence other and angular lines are to be drawn), and the 
centre of the instrument coincide with the given angular point on 
such line. This done, press the protractor gently down, which will 
fix it in position by means of very fine points on the under sido. 
It is now ready to lay off the given angle, or any number of angles 
that may be required, which is done by turning the pinion ¢ till the 
opposite vernier reads the required angle. Then press downwards 
the branches, ¢, ¢, which will cause the points to make punctures in 
the paper at opposite sides of the circle; which being afterwards 
connected, the line will pass through the given angular point, if 

the instrument was first correctly set. In this manner, at one 
setting of the instrument, a great number of angles, or a complete 
circular protractor, may be laid off from the same point. 
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Tae Crecutar “Tarc’ Prorracror. 


A very serviceable protractor can be made in the following 
manner, especially for field-work :— 


3 


a 
-— 
-= 
eel 
lz 
= 
3 
= 


Pay 





Draw on apiece of paper, a protractor, as in the above figure, 
and of the same size; cut out the circle and the part marked A, 
and stick the remainder with a little clean paste between two thin 
pieces of talc ;* when dry, cut the tale with a pair of scizzors, to 
the shape of the exterior circle. Before sticking on the upper 
piece of talc, draw on the lower piece by scratching, with a needle 
or point of a pricker, the North and South, and East and West 
lines, intersecting one another in the centre; rub these two lines 
over with a mixture of black lead and oil which will leave an 
indelible mark, and which cannot be effaced, being protected by the 
upper piece of talc. 

* We strongly recommend to the notice of all Surveyors the mineral substance 
called “ Mica,” or “‘ Talc,” 1¢ 18 procurable in nearly every Bazaar in India, and 1s most 
useful, generally, where cleanlimess 1s an object, for sticking at the bottom of scales, 
rules, weights, and indeed anything that has to be moved about the surface of paper or 
maps of any kind. 
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The most economical and the least troublesome way of preparing 
the above protractors, is to draw one very carefully on a piece of 
paper, and get it lithographed ; two or three rupees would pay for 
striking off a hundred, and including the price of as much tale as 
would be sufficient to cover them all, they would cost the Surveyor 
about one anna each, and be a ten year’s supply to him. 


Tre T Square anp SEmMIcrRcULAR PROTRACTOR. 
WE cannot speak too highly 6f a method by which a survey can 


om 





me 


be most expeditiously as well as accurately plotted, by means of 
the T square and semicircular protractor, the manner of using 
which is thus described by Mr. Howlett,* in vol. i. of Papers on 
Subjects connected with the Duties of the Royal Engineers:— 

“ As, when away from home, it seldom happens that the surveyor 
can obtain a good drawing board, or even a table with a good 
straight edge, I fix a flat ruler, A, to the table B, B, B, by means 
of a pair of clamps, CO, D, and against this ruler I work the 
pattern square E, one side of which has the stoc« flush with the 
blade ; or, if a straight-edged board be at hand, then the square 
may be turned over, and used against that edge instead of the 


* Chief driughtsman, Royal Ordnance Office. 
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ruler A. Here, then, is the most perfect kind of parallel ruler that 
art can produce, capable of carrying the protractor over the whole 
of a sheet of plotting paper of any size, and may be used upon a 
table of any form. It is convenient to suppose the north on the 
left hand, and the upper edge of the blade to represent the meridian 
of the station.” 

“This protractor is held in the hand while the vernier is set, 
which is an immense comfort to the sight ; and it will be seen that, 
as both sides of the arm are parallel with the zero and centre, the 
angle may be drawn on the paper against either side, as the light 
or other circumstances may render desirable.” 

From this description and a mere glance at the plate, it is clear 
that angles taken with the theodolite can be transferred to the plot 
as accurately as the protractor can be set; namely, to a single 
minute, and that, too, in a rapid and pleasant manner. 

These drawing boards and T squares are in use in some of the 
Revenue Surveys, they are well adapted for Natives, and more 
particularly for such as are unable to understand the correct method. 
of keeping a Field Book. The T rule however is generally made 
to slide along the edge of the drawing board, the rule having a 
projecting shoulder for the purpose. The method of using them, 
with the circular protractor, will hereafter *~ more particularly 
noticed. 


Tue PrEenraGRraPu.* 


Tue Pentagraph consists of four rulers, AB, AC, DF, and EF, 
made of stout brass. The two longer rulers, AB, and AC, are 
connected together by, and have a motion round a centre at A. 
The two shorter rulers are connected in like manner with each other 
at F, and with the longer rulers at D and E, and, being equal in 
length to the portions AD and AE of the longer rulers, form with 
them an accurate parallelogram, ADFE, in every position of the 
instrument. Several ivory castors support the instrument, parallel 
to the paper, and allow it to move freely over it in all directions. 
The arms, AB and DF, are graduated and marked 4 4, &c., and 


* Or Pantagraph more properly, from the Greek derivation. 
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have each asliding index, which can be fixed at any of the divisions 
by a milled-headed clamping screw, seen in the engraving. The 
sliding indices have each of them a tube, adapted either to slide on 
a@ pin rising from a heavy circular weight called the fulcrum, or to 
receive a sliding holder with a pencil or pen, or ablunt tracing 
point, as may be required. 

When the instrument is correctly set, the tracing point, pencil, 
and fulcrum will be in one straight line, as shown by the dotted 
line in the figure. The motions of the tracing point and pencil are 
then, each compounded of two circular motions, one about the 
fulcrum, and the other about the joints at the ends of the rulers 
upon which they are respectively placed. The radii of these 
motions form sides about equal angles of two similar triangles, of 
which the straight line BC, passing through the tracing point, 
pencil, and fulcrum, forms the third sides. The distances passed 
over by the tracing point and pencil, in consequence of either of 
these motions, have then the same ratio, and, therefore, the 
distances passed over, in consequence of the combination of the two 
motions, have also the same ratio, which is that indicated by the 
setting of the instrument. 





Our diagram represents the pentagraph in the act of reducing a 
plan to a scale of half the original. For this purpoge the sliding 
indices are first clamped at the divisions upon the marks marked 4; 


the tracing point is then fixed in a socket at O, over the original 
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drawing; the pencil is next placed in the tube of the sliding index 
upon the ruler DF, over the paper to receive the copy; and the 
fulcrum is fixed to that at B, upon the ruler AB. The instrument 
being now ready for use, if the tracing point at C be passed 
delicately and steadily over every line of the plan, a true copy, but 
of one-half the scale of the original, will be marked by the pencil 
on the paper beneath it. The fine thread represented as passing 
from the pencil quite round the instrument to the tracing point at 
O, enables the draughtsman at the tracing point to raise the pencil 
from the paper, whilst he passes the tracer from one part of the 
original to another, and thus to prevent false lines from being made 
on the copy. The pencil holder is surmounted by a cup, into 
which sand or shot may be put, to press the pencil more heavily on 
the paper, when found necessary. 

If the object were to enlarge the drawing to double its scale, then 
the tracer must be placed upon the arm DF, and the pencil at O; 
and, if a copy were required of the same scale as the original, then, 
the sliding indices still remaining at the same divisions upon DF, 
and AB, the fulcrum must take the middle station, and the pencil 
and tracing point those on the exterior arms, AB and AC, of the 
instrument. 
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On THE ConstrucTION AND Mernop or vusiInc THE Mznrcurtir 


BaRoMETER.* 


THERE are various forms of the barometer, but the one best suited 
for meteorological observations consists of a tube, about 38 inches 
in length, the extremity of which is inserted into a small reservoir 
or cistern; and in order to maintain the mercury in the cistern 
always at the same level, the cistern is constructed partly of leather, 
that by means of a screw at the bottom, the surface of the mercury 
in it may be so adjusted, as to have it always at the place from 
which the scale commences. Some barometers are furnished with 
a gauge or float, that in great elevations and depressions the ob- 
server may perceive when the mercury in the cistern sinks too low 


or rises too high. 

Let a 8, fig. 1, be the glass tube plunged into the 
mercury in the cistern C, and D the surface-line of the 
fluid in the cistern level with the commencement of 
the scale, and adjusted to the particular height of the 
mercury in the tube, which has been actually mea- 
sured from the surface of the cistern, in the construc- 
tion of the instrument (which height is called its 
neutral point) ; when the mercury rises in the tube, a 
portion, equal to that rise, leaves the cistern, and the 
surface-line falls towards the dotted line e; and being 
lower than the surface from which its neutral point 
was measured, the actual variation in the atmosphere 
is indicated too little: turn the screw f until the lines 
on the float 4 coincide, and the mercury then records 
the exact change: when depressions occur, the mercury 
sinking from the tube into the cistern raises the sur- 
face-line towards g: in this case the screw f must be 


* By Mr. Belville, of the Royal Observatory, Greenwich. 
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unscrewed until the leather at the bottom of the cistern be suffi- 
ciently loosened to allow the mercury to assume its proper level 
at the surface D. 

When there is not a gauge to the barometer, the relative capa- 
cities of the cistern and tube are ascertained by experiment, in the 
construction of the instaawment, and marked thereon, as is, also, its 
neutral point. In this case, when the mercury in the tube is above 
the neutral point, the difference between it and the neutral point is 
to be divided by the capacity, and the quotient added to the observed. 
height will give the correct height; if the mercury be below the 
neutral point, the difference is to be dwided as before, and the 
quotient subtracted from the observed height will give the correct 
height. 

Let capacity for every inch of elevation of the mercury in the 
tube be equal tos, which, reduced to a decimal, will be 


In. In. In. 
=0°025 for one inch, 0 013 for 3 inch, 0 007 for 2 inch. 

Inches, Inches, 
Observed height ..... = 30°400 Observed height .. .... 29°500 
, Neutral point ........ = 30000 Neutral point ......... 30000 

Difference above neu- : Difference below neu- . 
tral point ........ } oe tral point .... ... on 
Add for capacity ..... + :010 Subtract for capacity . — ‘013 
Correct height ...... . 80410 | Correct height .... . 29-487 


The scale of the Standard Barometer used in fixed observatories’ 
is made moveable, and terminates in an ivory point, which is 
brought down to the surface of the mercury: when this point and 
its reflection appear to touch one another, the height indicated is 
correct. This kind of barometer requires no adjustment or correc- 
tion for the cistern. 

The tubes of barometers vary in size: those of a larger diameter 
are preferable, as the motion-of the fluid is freer, and its friction 
against the sides of the tube is nearly inappreciable; tubes of 
small diameters require correction for capillarity, or the depression 
of the mefcury caused by its adhesion to the sides of the tube. 

The range of the barometer, or the spaces passed through by 
the mercury in its extreme depressions and elevations, being limited 
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to 34 inches, it is not usual to graduate the scale from the lower 
end of the tube;ethe divisions commence at 27 inches, and are 
continued to 31 inches. The graduations on Troughton’s Moun- 
tain Barometers for measuring great elevations, commence at 
15 inches and are carried on to 33 inches. Each inch is divided 
into ten equal parts, and these parts are subdivided into hundredths 
by means of a Vernier (so named from Peter Vernier, its inventor). 
The Vernier A, (figs. 2 & 3) is a moveable plate, one inch and one- 
tenth of an inch (together equal to it) in length; these eleven- 
tenths are divided into ten equal parts, each part being equal to 
one-tenth of an inch and one-tenth of a tenth, together equal to 
eleven hundredths. When the pointer of the Vernier coincides 
with a division of the barometer scale, as in fig. 2, each division of 
the Vernier will exceed each division of the scale respectively by 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10 parts, whose denominators are the 
number of parts between 9, b; the excess of each division being 
tr of a tenth or ris, #s of a tenth or rf, vv of a tenth or xiv, vs of a 
tenth or ris, &c. The pointer in this position reads off to inches 
and tenths, viz. thirty inches and one-tenth, expressed in figures, 
30°10 inches. 

When the pointer does 
not coincide with a divi- 
sion of the scale as in fig. 
3, observe which division 
of the Vernier does coin- 
cide; and the number 
placed against that divi- 
sion of the Vernier will 
be the number of hun- 
dredths to be added to 
the inches and tenths. In 
fig. 8, 7 coincides with a 
division of the Barometer 
scale, and therefore 7 hun- 
dredths are to be added 
to the inches and tenths, 
and the reading is thirty 
CHAPTER X. | 





214 


inches, one-tastifand seven-hundredths, expressed in figures 80°17 
inches. By an alteration in the divisions of the Vernier, the 
Mountain and Standard Barometer are read off to stz of an inch. 

A thermometer is attached to the barometer to indicate the 
temperature of the mercury in the cistern; all bodies expand by 
heat and contract with cold; the expansion of mercury is easily 
tested by exposing a mercurial thermometer to the heat of a 
fire, or by placing it in hot water: as the warmth increases, the 
mercury will expand and ascend in the tube; as it diminishes it 
will contract and fall towards the bulb: if the Thermometer be 
plunged into a mixture of pounded ice and common salt, from the 
intense cold produced by the conversion of the ice into water, the 
mercury will sink to zero, or 32° below the freezing-point of 
Fahrenheit ; if the tube of the thermometer should not be long 
enough to admit of so low a graduation, the mercury will shrink 
into the bulb. The expansion of mercury is s:'sz of its bulk for 
each degree of Fahrenheit between 32° and 212°. For convenience, 
tables have been computed, from which may be taken out, at sight, 
the amount to be subtracted from the height of the mercurial 
column, on account of the expansion of the mercury from tem- 
perature. 

The words Change, Fair, and Rain, engraved on the plate of the 
barometer, were placed there by the first observers of its variations: 
no great importance should be attached to them; for from the 
observations of two centuries we find, that heavy rains, and of 
long continuance, take place with the mercury at 29-5 inches, or 
Change; that rain frequently falls when it stands as high as 30°00 
inches, or Fair; and more particularly in winter, a fine bright day 
will succeed a stormy night, the mercury ranging as low as 29:00 
inches, or opposite to Rain. It is not so much the absolute height 
as the actual rising and falling of the mercury which determines 
the kind of weather likely to follow. The late great elevation of 
80°9 inches in February of the present year 1849, (in England) 
was succeeded by a minimum of 29°25 inches, which produced a 
storm of wind so violent that the horizontal pressure of many of the 
gusts amounted to 20Ibs. upon the square foot; a pressure which is 
rarely exceeded, even when the barometer falls as low as 28:25 
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inches. This may appear extraordinary if we merely take into 

consideration the actual height of the column, and neglect the 

quantity of the fall which amounted to 1:65 inch. The mean height 

of the greatest observed elevations for the last thirty-eight years is 
30°61 inches, and the mean height of the observed depressions for 
the same period is 28°69 inches; therefore a fall in the mercury of 
1-65 inch from the mean of the elevations would give a minimum of 
28°96 inches; a depression which is contemporary with violent 
storms, as it is within three-tenths of the mean of the lowest 
depressions of the barometer. 

In fixing the barometer great care must be taken to place it per- 
pendicular : a situation should be selected subject to the least change 
of temperature, for which reason a northern aspect is preferable to 
a southern ; the height of the cistern of the barometer above the 
level of the sea, and, if possible, the difference of the height of the 
mercury with some standard, should be ascertained, in order that 
the observations made with it should be comparative with others 
made in different parts of the country. Before taking an observa- 
tion, the instrument should be gently tapped to prevent any adhe- 
sion of the mercury to the tube, the gauge should be adjusted to the 
surface-line of the cistern, and the index of the Vernier brought 
level with the top ofthe mercury. If the barometer have a Vernier 
which admits the light from behind, the lower part of the pointer 
must make a tangent with the convex part of the mercury in the 
tube. In reading off the observation the eye should be on a line 
with the mercury ; as by placing it above, the reading would be too 
low, and by placing it below, it would be too high. This difference 
in the manner of reading off is called error from parallax. It is 
indispensable that a reading of the attached thermometer be made 
simultaneously with the observation of the height of the mercury. 
Accuracy is the spirit of observation. A careful reading of inches, 
tenths and hundredths produces excellent results: the rer place is 
better left to the skill of the old observer who is usually obliged to 
estimate it, scarcely any barometer being graduated with sufficient 
precision to trust to the divisions for so small a quantity. 

The barometer is slightly affected periodically during the twenty- 
four hours: at 9 a.m. and 9 p.m. it stands higher, and at 3 a.m. and 
CHAPTER X. | 


216 


3 p.m. it stands lower; the mean annual difference amounts nearly 
to ‘03 of an inch. These four periods of the day have been recom- 
mended for observation by the Committee of Physics of the Royal 
Society. It is usual, for the sake of comparison, to reduce the 
observations to 82° of Fahrenheit. 


In. 
Ex. If barom. stood at 29:900 therm. attached 54°, 
Correct for temp. —‘057 (by table), 
Height of barom. at 


temp. of 32° ee 


The Wheel-barometer, from its construction, cannot be trusted to 
for correct heights; it merely shows if the mercury be in a rising 
or falling state: it may rather be considered as an ornamental piece 
of furniture than as having the slightest pretensions to a scientific 
instrument. 


THe Mountain BAaRroMeETer. 


The barometers which are commonly made use of in the measure- 
ment of a height, are Mountain Barometers, so called from their 
extreme portability, being constructed so that tho tripod stand, 
when closed, serves as a safe and convenient packing-case. They 
can be opened, observed, and packed up again in the space of about 
ten minutes. The Mountain Barometer is capable of being used 
extensively by one individual, and the observations, if performed 
with care, will give results very near the truth. The instrument 
is not liable to injury in travelling, if proper precautions be taken, 
the most essential of which is always to carry the cistern tnwerted, 
and, when €n this position, to turn the screws at the bottom of the 
cistern until the mercury almost touches the top of the tube and 
thereby prevent the oscillations from breaking it. Newman’s 
instruments differ in their construction from the Englefield Baro- 
meter in the adoption of a double iron cistern with a solid bottom 
in lieu of the wooden cistern and leather bag. In the old instru- 
ment the screw at the bottom compresses the whole of the mercury 
in the cistern as well as in the tube, frequently forcing it through 
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the pores of the wood, thereby rendering the barometer useless; 
this defect has now been remedied, and the mercury secured for 
travelling, or set at liberty for use, by holding the instrument with 
the cistern end upwards at an angle of about 45°, and moving the 
upper part from left to right, making the word “portable,” 
engraved on the cistern, coincide with the stop, or by a contrary 
motion bringing the words “not portable” opposite the stop, when 
the instrument is intended for use. 

This instrument also varies from the common barometer, being a 
standard in itself, the actual distance between the height of the 
mercury in the tube, and the level in the cistern having been mea- 
sured. without reference to any other barometer. In such instru- 
ments, where the cistern is entirely enclosed from view, an 
allowance must be made to reduce the reading on the scale to what 
it would have been if the mercury in the cistern had been adjusted 
to zero. It is evident that this correction of the height of the 
column of mercury must be proportioned to the relative capacities 
of the cistern and the bore of the tube. Thus, supposing the inte- 
rior diameter of the tube be °1 its exterior ‘3, and the diameter of 
the cistern ‘9 inches, the ratio of the areas of the surfaces will be 
(81—9) or 72 to 1. The difference then between the observed 
reading of the barometer and that of the “ neutral point,” which is 
the height at which the mercury stood 3 the tube above the zero 
mark of the cistern when the instrument was first made (which is 
always marked NV. P.) is to be diminished in this proportion, and 
the quotient applied to the observed reading, additive when it is 
above this standard, and subtractive when below. The small correc- 
tion -for the capillary attraction of the glass tube, the effect of 
which is constantly to depress the mercury in the tube by a certain 
quantity, is constant and additive, and is generally allowed for by 
the maker, in laying off the neutral point, in which case no further 
notice need. be taken of it. 

The barometer of Troughton’s or Jones’s pattern, Fig. 1, is at- 
tached to the stand by a ring in which it turns round with a 
smooth and steady motion, for the purpose of placing it in the best 
light for reading off, &c.; but in Newman’s more modern instru- 
ments, Fig. 2, the tubes are enclosed in a bronzed metal case with 
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e simple ring at the top by which it may be suspended from 
any fixed and steady projection in a perpendicular position, thus 
obviating the necessity for a tripod stand. This instrument is 
merely enclosed in a strong leather case, and may be strapped 
across the back, in the position above described; but portable as 
Newman’s instruments are, and perfectly secured as they seem to 
be, still the greatest caution must be employed in carrying them, 
especially by explorers and travellers in this country, where a fresh 
tube, it must be remembered, is not readily supplied and properly 
filled. Fig. 2. 
a. Cistern of Iron. 
b. Thermometer immersed in 
cistern. 
c. Milled screw for moving 
scale ¢ up or down. 
d. Vernier, being a fixture. 
e. Scale divided into inches, 
10ths and 100ths. The scale reads 
down to 20 inches. 
ji. Index arrow to bisect the 
surface of mercury in the tube. 
g. Suspension ring. 
At the back of the scale e the 
neutral point, capillary—action, and 
capacities are engraved. To render 
the instrument portable, or not 
portable, the lower part of the cis- 
tern, or from the bottom moulding 
to the centre, is capable of being 
turned half round, and an arrow 





indicates when the cistern closes the mercury, so as to prevent 
its returning into the cistern, which then points to the word 
portable engraved on the cistern, the opposite direction allows the 
mercury to return, and the instrument then becomes not portable 
but serviceable. 
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$Part JOH. 
ON SURVEYING. 


CHAPTER I. 


PretomNary Remarks on SurRvEYING IN GENERAL AND 
Frrest PRrrvctexes. 


THE practice of surveying may be considered as divided into two 
branches, viz., such as is conducted on the principles of Spherical 
Trigonometry, and such as is carried on by the rules of Plane 
Trigonometry. 

For the first, a very considerable acquaintance with Mathematics 
is essentially necessary, but for the second, a sufficient degree of 
perfection may be obtained by acompetent knowledge of the rules 
of Plane Trigonometry. 

The latter consists of four parts, viz. : 

Ist. Measuring straight lines. 

2nd. Finding the position of these straight lines with respect to 
each other. 

8rd. Laying down or planning upon paper their positions and 
measurements. 

4th. Obtaining the superficial measure or area of the land 
surveyed 

Land Surveying may therefore be defined as the art which 
teaches us to find, how many times any customary measure is con- 
tained in a given piece of ground, and to delineate the true 
boundaries thereof in a plan or map, in such a manner, that the 
CHAPTER I. | 


220 


horizontal dimensions of the features of the earth, may be 
measured by means of a scale, such as, territorial boundaries, 
rivers, lakes, roads, hills, forests, &c. 

There are only two distinct methods, by which the dimensions of 
any piece of land can be taken, viz. : 

Ist. By the Chain only. 

2nd. By the Chain accompanied with angular instruments. 

Likewise there are only two distinct methods, by which the area 
or content of any piece of land can be ascertained, viz.: 

Ist. Arithmetically. 

2nd. Geometrically, by measuring distances on its graphic 
representation. 

As in the former, there are various ways of applying the two 
methods in practice, so in the latter, the means are equally at 
disposal. 

‘‘The basis of an accurate survey, undertaken either for any 
extensive geodesical operation, such as the measurement of an arc 
of the meridian, or of a parallel; or for the formation of a terri- 
torial map, showing the positions of towns, villages, &c., and the 
boundaries of estates and counties; or a topographical plan for 
military or statistical purposes, must necessarily be an extended 
system of triangulation, the preliminary step in which is the careful 
measurement of a base line on some level plain: at each extremity 
of this base, angles are taken to several surrounding objects pre- 
viously fixed upon as trigonometrical stations; and also, when 
practicable, the angles subtended at each of these points by the base 
itself. The distances of these stations, from the ends of the base 
line and from each other, are then calculated, and laid down on 
paper, forming so many fresh bases from whence other trigono- 
metrical points are determined, until the entire tract of country to 
be surveyed is covered over with a net-work of triangles of as 
large a size as is proportioned to the contemplated extent of the 
survey, and the quality and power of the instruments employed. 
Within this principal triangulation secondary triangles are formed, 
and laid down in like manner by calculation ; and the interior detail 
is filled up between these points, either entirely by measurement 
with the Chain and Theodolite, or by partial measurement [prin- 
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cipully of the roads,| and by sketching the remainder with the 
assistance of some portable instrument. 

“Tn a flat uncleared country any attempt at a system of triangu- 
lation would be useless. In such cases the only mode of ensuring 
tolerable accuracy in surveys of great extent is that which has been 
generally adopted in the construction of geographical maps. The 
latitude and longitude of a number of the principal and most con- 
spicuous stations are determined by astronomical observations, and 
the distances between them calculated to enable their positions to 
be laid down as correctly as they can be determined by this mode 
of fixing the relative place of each station. In surveying any 
extended line of coast, where the interior is not triangulated, no 
other method presents itself; and a knowledge of practical 
astronomy therefore becomes indispensable in this, as in all exten- 
sive geodesical operations.” 

In the year 1828, when the plan of a general survey for the 
whole of India was under discussion, and the first intimation given 
of the intention of the Court of Directors, of publishing a complete 
Indian Atlas, on the scale of 4 miles to the inch, the opinion and 
advice of that distinguished Goographer, Major Rennell, was ob- 
tained, and in his minute on the subject, he advocated precisely 
this method, and was all for an astronomical basis, as the only 
means of obtaining a geographical map of a country, not far short 
of four times the area of France, at a moderate expense, and within 
a reasonable time. 

“ All idea, therefore,” says Rennell, “ of mensuration, or a series 
of triangles over the country is out of the question, and according 
to my opinion, the only mode in which the work can be accom- 
plished, with such a degree of general accuracy as is consistent 
with the required despatch, is to obtain, in the first instance, a 
series of celestial observations of latitudes and longitudes, by which 
a sufficient number of geographical points at proper intervals may be 
determined, in order to regulate the scale of the map, and to fur- 
nish the means of correcting that of the cursory surveys, by which 
the intervals between those points must be filled up. They may 
also serve to regulate, or, at least, to assist in regulating the distri- 


© Frome on Trigonometrical Surveying. 
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bution of the space at large amongst the different surveyors. The 
intervals are to be filled up by compass bearings, and by time em- 
ployed as a means of distance (which habit will soon render familiar) 
by triangles formed in a coarse way, where the country is favor- 
able by furnishing natural marks, and by latitudes and longitudes 
finally made subsidiary to the observations above contemplated.” 
This opinion, however, he afterwards changed for one, on the Tri- 
gonometrical basis, a view taken subsequently by Lord William 
Bentinck, Governor General of India, in his masterly minute on 
the subject, wherein he lays down the first principles on which a 
large country should be surveyed in the soundest and most prac- 
tical manner. The system therein developed, however, was not 
followed out in all its integrity, but the Grand Trigonometrical 
Survey was permitted to proceed, as a skeleton operation, and the 
result of the labors of Colonel Lambton, from the commencement 
of the undertaking, in 1799 to the present time, is fully explained 
in the Asiatic Researches, by this celebrated Geodist, and by his 
successor, Lieut.-Col. Everest, in his two ‘ Accounts of the Mea- 
surement of an Arc of the Meridian,” published in 1880 and 1848, 
respectively. 

This survey, therefore, forms the framework into which the pre- 
sent Topographical or Revenue Survey of the present day identifies 
itself. All the districts coming under the Revenue Regulations of 
the Government both in Bengal and the North Western provinces, 
may be said to consist, for the most part, of open cleared flat coun- 
try, and boundares being the chief object, a system of Periphery 
measurement is resorted to, which, for economy and facility of exe- 
cution, has been found to answer admirably, taking the enormous 
extent of work to be accomplished, and the urgent necessity for a 
first survey, into account. In hilly countries, however, this Indian 
system of Revenue Survey requires modification, it being obvious 
that all lines measured by the Chain must be reduced to the hori- 
zontal level ; the angles of elevation, therefore, in such a country, 
must be observed and registered, whereby the Hypothenusal Chain 
work may be reduced to the horizon, in proportion to the co-sine 
of the angle of inclination. But even this precaution would not be 
satisfactory in very hilly and ragged ground, because the accumu- 
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lation of Chain measurement error, under such circumstances, must 
necessarily be great, and, moreover, on such ground, great facility 
for triangulation presents itself, and which gives horizontal dis- 
tances at once, without further calculation or trouble, much more 
correctly than by any other process. 

In addition to these more regular surveys, there are others of a 
more desultory nature, constantly going onin India. Route sur- 
veys, as conducted by the Quartermaster-General’s establishment, 
liging out new roads by the Executive Engineer’s department, and 
exploratory expeditions into new and unknown countries, for each 
of which we shall endeavour to lay down some useful rules for 
guidance. 

In ordinary surveys it is not necessary to enter into calculations 
for the sphericity of the earth, nor, indeed, many other niceties 
required to perform any important Trigonometrical operation. On 
common occasions it suffices to consider the earth as a plane or flat 
surface, and all the sides of the triangles as right lines instead of 
curves, for a degree of 693 English miles, considered as a curve, 
measures but little more than 24 feet longer than its chord; we 
cannot, therefore, expect any series of linear measurements, with 
all possible care, to come nearer the truth than that when extended 
to several miles. 

A Topographical Survey further requires that some of the party 
employed upon it, should be well versed in general outlines of 
geology, as a correct description of the soil and mineral resources 
of the different parts of every country forms one of its most 
important features. The heights of the principal hills, and of 
marked points along the ridges, plains, valleys and water-courses 
above the level of the sea, should also be determined, which on the 
Ordnance Survey of Ireland is done by levelling with the Theodo- 
lite. In a survey of less pretensions to correctness in minute 
detail, the heights may be ascertained with tolerable accuracy by 
means of the mountain barometer. 

A sketch of a certain tract of country, on a far larger scale than 
that of most general maps, is constantly required on service, for 
the purpose of shewing the Military features of the ground, the 
relative positions of cities and villages, and the direction and 
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patare of the roads and rivers comprised within its limits. This 
species of sketch, termed a “ Military Reconnoissance,” approaches 
in accuracy to a regular survey, in proportion to the time and 
labor that is bestowed upon if. 

“Accurate surveys of a country are universally admitted to be 
works of great public utility, as affording the surest foundation 
for almost every kind of internal improvement in time of peace, 
and the best means of forming judicious plans of defence against 
the invasions of an enemy in time of war; in which last circum- 
stance their importance usually becomes the most apparent. Hence, 
it happens that if a country has not actually been surveyed, or is 
but little known, a state of warfare generally produces the first 
improvements in its geography, for in the various movements of 
armies in the field, especially, if the theatre of war be extensive, 
each individual officer has repeated opportunities of contributing, 
according to his situation, more or less towards its perfection: and 
these observations being ultimately collected, a map is sent forth 
into the world considerably improved indeed; but which being 
still defective, points out the necessity of something more accurate 
being undertaken when times and circumstances may favor the 
design.”’* 

Ist. The Surveyor should settle definitively in his own mind, the 
system of Surveying he intends pursuing, then the plan of opera- 
tions he purposes in prosecuting the said system. 

2nd. He should examine his instruments; see that they are all 
in proper order, and accurately adjusted, and compare his Chain 
carefully with the standard measure, correcting any error in it. 

3rd. He should select, or instruct his assistants in the selection 
of their Station points, which he should be careful so to dispose, 
that the lines may pass clear of trees, houses, or other impediments, 
and the fewer that can be made use of, the less will be the labour 
of the Survey ; it will also be more accurate, and less liable to 
errors, both in the field and office. 

4th. The Station lines should always be as long as possible, 
where it can be done without rendering the offsets too large, and 
where great accuracy is required, these lines should be repeatedly 

* Account of the Trigonometrical Survey of England. 
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measured, for every station line is usually the basis of succeeding 
operations. 

5th. The Surveyor should so contrive his work, as to avoid the 
multiplication of small errors. and particularly those that by com- 
munication will extend themselves through the whole of his opera- 
tions: he should always bear in mind, the principle of working 
from whole to part, and never from part to whole; by the former 
method, errors are subdivided, by the latter, the errors inseparable 
from even the most careful observations are constantly accumu- 
lating. 

6th. He should be especially careful in the manner of keeping his 
field book; every thing noted in it should be clear and explanatory, 
so as not to admit of doubt in the event of another person having to 
put up or plot work from it; a neat field book denoting the careful 
Surveyor, as much as a dirty and untidy one is proof of the 
contrary: 

7th. The field work should be subjected to test as soon as possible, 
and any errors rectified by re-observation or re-measurement whilst 
on the spot; if delayed for any time, the difficulty and inconve- 
nience of returning to the spot will be so great as to prevent a fair 
correction being made and accuracy will be sacrificed in conse- 
quence. 

8th. At the close of a day’s work, measure the Chain, and note 
in the field book the quantity it may have stretched, so as to make 
allowances in any calculations that have to be made from measure- 
ments taken with it. 

9th. The Surveyor should never allow himself to get into the 
habit of making his observations, whether angles or bearings, in a 
careless manner, under the impression that a small error in one 
observation will perhaps counterbalance itself in the next; he will 
find it more profitable in the end, to make ten careful observations 
during a day’s work, than a hundred careless ones; the same remarks 
hold good for Chain measurement. 

10th. No observation, memorandum, or note, should ever be 
recorded on slips of paper, and rejected, or be thrown aside as 
unimportant or useless; it is too commonly the practice to do this, 
but the time may come when the Surveyor would hail with delight 
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the recovery of the remarks or calculations however roughly noted, 
which before he had thrown away; nothing can be too minute or 
too trifling to insert in the field book, whatever attracts the eye in 
the field, or comes within reach of the ear, should be so entered, as 
to be useful and intelligible to others as well as to himself at any 
future moment. 

Lastly. A Surveyor should always endeavour to obtain a good 
knowledge of his District, or the portion of country under survey, 
by constantly riding over it, in every direction, and thus getting a 
sort of bird’s-eye view in his own mind, this will enable him to 
check any glaring omissions in the maps produced by his subordi- 
nates, and give him a great advantage in prosecuting his operations, 
and making the best disposition of his work. In large establish- 
ments, such as those of the Revenue Surveys now in progress, 
composed of large bodies of Native East Indian, as well as 
European Assistants, the best results may be expected from an 
active personal supervision in the field, and indeed without this 
there ean be no hope of proper and systematic progress or of the 
quantity of work which is performed being at all satisfactory or 
trustworthy. 

In hilly countries more especially, the eye of the Superintending 
Officer must be abroad to render the Topography of his maps of any 
value; where the Surveyor himself does not take a part in these 
duties, and animate his European and East Indian Assistants by his 
example, it will be found that they, in turn, will devolve all the 
laborious and irksome duties on the Native Assistants, who soon 
become careless and indifferent when they find themselves uncon- 
trolled. 

When once a Surveyor contents himself with ordering and 
directing others to do, what he never thinks of undertaking him- 
self, he may rest assured that it never will be done well. The first 
principle in the life of a Surveyor should be, to make a practice of 
putting his own shoulder to the wheel, and then to expect and 
demand equal zeal from his subordinates. 

At the commencement of his professional career, a Surveyor will 
meet with many obstacles and annoyances, and frequently find 
himeelf placed in most trying circumstances, such as will almost 
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induce him to relinquish the task he has in hand, but he must make 
up his mind to this and endeavour to overcome them, and not 
despair of success, because threatened with apparently insuperable 
difficulties, the pleasure of looking back on an accomplished task, 
will always be heightened by the amount of difficulty overcome, or 
the remembrance of peculiar obstacles successfully contended 
against. All beginners should take encouragement from the fact 
of hundreds of men having commenced their career in perfect 
ignorance of the various duties they may have been called on to 
perform, and which by dint of industry and perseverance they have 
finally triumphed over and completely mastered. 
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SuRVEYING BY THE CHAIN ONLY. 


In making a Survey with the Chain only, we are confined to one, 
and the simplest geometrical figure, viz., the triangle, for of all 
plane geometrical figures, it is the only one of which the form 
cannot be altered, if the sides remain constant. That the triangle 
possesses this property is evident from the Theorem (Euclid 7. 1.) 
which proves that ‘“ Upon the same base, and on the same side of 
it, there cannot be two triangles that have their sides, which are 
terminated at one extremity of the base, equal to one another, and 
likewise those which are terminated in the other extremity, equal 
to one another.” 

The surface to be measured is therefore to be divided into a 
series of imaginary triangles; and in this division it must be borne 
in mind that the triangles are to be as large, with reference to the 
whole surface to be measured, as is consistent with the nature of 
the ground ; for, by such an arrangement, we are acting on the 
important principle in all Surveying operations, (Page 237).that it 
is well always to work from whole to part, and rarely from part to 
whole. 

The sides of these triangles are first measured, and as a necessary 
check, on this first part of the work, a straight line is in addition 
measured from one of the vertices to a point in or near the middle 
of the opposite side. This fourth line is called a tie-line, and is an 
efficient means of detecting errors, if any have been committed, in 
the measurement of the sides of the triangle. This fourth measure- 
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ment is made in accordance with a maxim which ought invariably 
to be acted upon in all Surveying operations, viz., that, where 
accuracy is aimed at, the dimensions of the main lines, and the 
positions of the most important objects, should be ascertained or 
tested by at least two processes independent one of the other. 
Within the larger triangles, as many tie-lines and smaller triangles 
are to be measured as may be necessary to determine the position 
of all the objects embraced in the Survey. The directions of the 
lines forming the sides of these secondary triangles are so selected 
or disposed that they shall connect, and pass close by, as many 
objects as possible, so that the offsets to be measured from them 
may be as short and as few in number, as practicable. 

If the sides of these secondary triangles be in any ease so distant 
from the objects whose positions are to be determined as to require 
a length of offset. greater than one or two chains, it then becomes 
advisable to construct, either on the whole or part of the side of the 
triangle as a base, a small offset triangle with the sides so disposed 
that they shall either embrace, or pass very near to the objects to 
be measured by their intervention. 

The disposition and general combination of these triangles de- 
manding care and judgment, it is customary, previous to com- 
mencing any measurement, to walk over the ground for the purpose 
of obtaining a general knowledge of the surface, and of the relative 
positions of the most conspicuous objects. The acquisition of this 
knowledge depending on the coup d’axl, is much assisted by an eye- 
sketch drawn with rapidity, and showing some of the principal 
roads, streams, temples, &c. 

This hand-sketch is not to be drawn to any scale, and its object 
is attained if it simply bear a general resemblance to a plan of the 
ground, as it will thereby assist the memory in the distribution of 
the surface into triangles. 

The sides of the larger triangles are to pass as close as possible 
to the external boundaries to be surveyed ; the triangles should, 
moreover, be made to approach, as nearly as practicable, to the 
form of equilateral, avoiding with care very acute or very obtuse 
angles, because the farther the form of the triangle is removed 
from the equilateral, the greater will be the alteration im the form 
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of the figure and in its area, should any error have been com- 
mitted in the measurement of any one of the sides. 

The triangles having thus been disposed to the greatest advantage, 
marks or pegs are placed in the ground at each vertex of the tri- 
angles; their general form or position is then noted on the hand- 
sketch previously made, and distinctive letters are written on the 
diagram at each point of intersection; this arrangement admits of 
easy reference in the Field-book, or on the ground, to any triangle 
or part of a triangle. 

The points of intersection of all straight lines, as well as the 
vertices of the triangles, are always points measured /o or jrom : 
they are called Station points, and the lines connecting them Station 
lines, thereby distinguishing them from the simple offset lines. 
Stations are generally expressed by letters, main stations by capital 
or roman letters, A, B, 0, &c., and secondary stations by small 
letters, a, 5, c, &c. 

The hand-sketch, or rough diagram, is usually made in a Field- 
book, #.¢., 2 book in which every minute step of the operations gone 
through, is to be entered with precision at the time. 

This Field-book should be of a convenient size for the pocket, 
having the page ruled with a central column; this central column 
is intended for all actual lines measured, and by commencing from 
the bottom of the page, the page becomes a smaller representation 
of the reality, with the line measured from you, and the offsets at 
their respective distances on that line, taken at so many links to 
the right or to the left, as they actually are on the ground and 
noted to the right or left of the central column. 

In keeping the Field-book, it first should ever be remembered 
that the central column is virtually but one line representing the 
Chain, the space within the column being merely required for the 
several distances on the Chain, whence the offsets are taken, and 
secondly, that all offsets read either way outward from the centre 
column, in the same way as they are measured ovtward from the 
Chain; if the station line, therefore should be crossed on the 
ground by a road or any boundary meeting it obliquely, its repre- 
sentation or type in the Field-book must not be made to pass 
obliquely across the middle column, but must arrive at one side of 
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the column and leave it on the other, at points precisely opposite, 
as it would do were the middle column merely of the thickness of a 
line ; inattention in this particular, causes much confusion in the 
relative position of offsets. 

To preserve uniformity, as it is more natural to measure from left 
to right, the place measured from is put on the ft of the central 
column at the bottom of the line, and the station measured /o is put 
at the top to the right; the points of commencement and termina- 
tion of the line can thus be immediately seen. 

The book should be interleaved with blotting paper and the 
entries made in ink or inked in the same day on return from the 
field, the pages should also be numbered for facility of reference and 
each day’s work dated. 

If the direction of the line be determined by an angle taken with 
a Theodolite, or the bearing of the line be given by the Circum- 
ferentor or other instrument, the angle of the former, or bearing of 
the latter, is placed in the central column immediately above the 
starting point. 

In taking offsets to corners of boundary marks or other objects, 
mark the relative position of the corner or object as to the Chain 
line, and generally be careful to make the Field-book as much as 
possible a fac sunile of the ground itself, with each boundary mark, 
&c., placed on the book, as to the central column, considered always 
as one line, in the same position as they stand to the Chain on the 
ground; no time is gained to the Surveyor by hurrying over the 
notes in the Field-book, a little care in the field saving much trouble 
in office. 

It cannot be too strongly impressed on the Surveyor that the 
work which he is called upon to perform depends for its accuracy 
in a very great measure on the order, system, and neatness bestowed 
on all the steps whether of delineation or measurement; proper 
attention in keeping the Field-book saves much time in plotting 
and guards against the errors unavoidably arising from reference to 
& confused Field-book; moreover, care bestowed in the first essays, 
will amply reward the Surveyor, by giving accuracy of eye, 
freedom and steadiness of hand, qualities indispensable to his 
success. 
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Having given various examples under the head of “Useful pro- 
blems in Surveying” (page 66) of surveying small fields by the 
Chain only and also instrumentally, we will here give an example 
of surveying a larger tract of country by the Chain only, and in 
which we will also show the method of filling in one of the triangles 
of the Survey. 

The example given is that of a portion of country, comprising 
some 80 or 100 fields, 6 or 8 roads, a village, river, canal, and a 
line of railroad running through a corner of it towards the village. 

The first thing to be done, is to select a line of country free from 
obstacles, such as houses, underwood, &c., and running (if practi- 
cable) through the greatest extent of the property to be surveyed, 
with the view of measuring a Base line, on which line all the prin- 
cipal triangles should be formed as nearly equilateral as possible ; 
this line should also run as nearly as possible through the centre of 
the property and its direction should be for a principal object beyond 
its termination, such as the steeple of a church, corner of a house, 
or some remarkable object. 

In the diagram on the adjoining Plate, AB has been selected as 
the Base line, running through the whole of the Survey, intersecting 
the road HC at C, the road GK at D, and theroad MO at E, which 
distances are carefully marked in the Field-book. 

Where this Base line crosses the boundaries of fields at the most 
favourable place for running cross lines along these boundaries, 
stakes must be put in, and the points carefully noted, taking offsets 
en route to any corners or other objects that may be within an offset 
distance. 

The method actually adopted would be, in order to avoid any 
needlessly going over the same ground twice, to commence at A, 
measure AN, NVH, then HC, CV, and the fields within the blocks 
VCH and NCV. 

From H, the next line measured would be HG, observing care- 
fully where the best stations could be taken for the cross boundaries, 
on the same side of them, as the stations were selected in the Base 
line. % 

Then measure GD and HD, observing, in measuring HI), to 
have the range of the line carefully defined, where the several 
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boundaries cross, so as accurately to define the several points in the 
line CD, where the cross boundary-lines, from AB to HG, intersect. 
By this plan, all these cross-lines are check-lines. 

Produce GD to K in the same straight line; measure KO, taking 
notice, as before, where the cross boundaries come, and on their 
proper side, and complete the block HGKO. 

Then measure CL and LK. 

Now return to G, and produce HG to F, where it intersects the 
Base line; marking the several points P, Y, and X, upon it, and 
the several cross boundaries. ‘ 

Then from D produce HD to M; join MK, and from M, measure 
a line in range with EX, which produce to 0; join OB; then 
complete the block GXMD, and the triangular piece KDM. 

There now remains but the part adjoining the village. 

From P, measure PRS, and join ST; then produce YR to 6, and 
join ba; the lines ba, aT, TS, SR, Rd, will tie the whole of the 
houses in. This must always be the plan adopted in the survey of 
a village, to confine all the areas within one triangle, whose three 
sides should severally pass through the principal points of the 
place. 

Having given the method adopted in practice, for saving time in 
the survey of the plan, we will proceed to explain the nature and 
use of the several main lines. 

The line ME of the triangle DME, is the measure of the angle 
MDE; but CH, in the triangle CHD, is the measure of the oppo- 
site and equal angle CDH. Therefore the measured and determined 
distance, agreeing or disagreeing with either side CH or ME, is a 
proof of the correctness or incorrectness of the angle at the 
vertex D. 

Produce ME, the fixed line, to 0; any points upon this produc- 
tion are also fixed. The point X, which is in a range with the road 
HP, is fixed; and H, being a fixed point, the length of HX is 
determined. . 

Its measurement becomes a line of verification to the opposite 
angle HMX, or (MDE being supposed correct) of the supplemental 
angle DEM, which is the angle that this new line MD makes with 
the base line. The line OB, if the nature of the ground will per- 
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mit its being measured, measures the opposite angle BEO, and is 
another check upon its correctness. 

Again, MX is the measure of the angle MHX, and GD is also 
the measure of the same angle. 

The actual distance of GD, compared with its computed or deter- 
mined distance is a check upon the correctness of the length of 
MX. 

Having determined the correctness of these triangles, there can 
be no error of any moment in the filling in. 

In fact, all the lines used for the measurement of the offsets to 
the cross boundaries, are only so many additional check lines to the 
triangles, or measures of the angles at their vertices. 

CK being determined by the previous measurements, its mea- 
sured distance is a check upon the angle CDK, and, therefore, upon 
the direction of the line KC, relative to the Base line AB. 

The correctness of the triangle, CLK, is secured by the check- 
line to its vertex LO. 

The triangle ANO, having in AC a portion of the Base line, 
depends upon the correctness of the measured distances AN and 
NC. 

A, being thus a fixed point, as well as H, measure the line NH, 
and as H has been previously assumed correct, HN is a measure of 
the angle NCH, which is the supplemental angle to the two known 
angles HCD, ACN ; the length VC is a check upon the distances 
ON and CH. 

Now returning to the other parts of the survey, the line HX, 
produced to the Base line at F, is an additional verification of the 
whole of the triangulation. 

To ensure a correct survey of the village, observe that the line 
MOca passes close to one side of it. 

From P, drawing PRS through R, and joining ST, we have 
known lines close to the village, on another side; producing YR 
to a point }, such that a line da shall pass close to the third side of 
the village, we surround the whole with a fixed triangle. All 
errors must be confined within this limit; and all lines, for the 
measurement of the houses or roads, carried through to either of 
the sides of this triangle, are, as in the case of the cross boundary- 
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lines in the first part of the survey, virtually but so many corrobora- 
tive checks of its accuracy. 

The principal lines being thus measured, we proceed to fill in 
one of the triangles such as CDK; for this purpose commence at 
any of the angular points of the triangle such as K, and run a line 
Ka to the opposite side OD, leaving marks at the crossing of all 
boundaries of fields, such asc and d, taking offsets to all objects 
within ordinary distance. When this line is measured up to the 
side CD, stop, and from the point a, measure the distance on the 
line CD, up to the nearest mark }, previously made on the line 
CD, and enter this distance, and the length of the line Ka in the 
Field-book. From the point a run a line ae, leaving a mark at /, 
and when arrived at ¢, perform similar work as done at a, after the 
Bame manner measure also the lines /%, be, fK, and dD, and so 
proceed until the position of all the boundaries and other objects 
within the triangle CDK, are determined. 

Thus are all the sides of the triangles measured in succession, 
and their dimensions with the additional assistance of the offsets, 
give the means of ascertaining all boundaries, external and internal, 
positions of houses, &c., and of finding the area of the whole and 
of every part, by direct computation from the Field-book. But to 
obtain the contents of each field or enclosure by computation, 
would be a process very laborious and generally unnecessary: the 
contents of the whole should be ascertained by computation from 
the sides of the large triangles: the areas of the enclosures may be 
afterwards obtained by measurement from the plan, by dividing 
them off into small triangles (page 65,) their accuracy being tested 
by a comparison of the sum of the areas of each enclosure with the 
area comprised within the exterior boundary, as obtained by direct 
computation. 
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SurRvVEYING BY THE OHBAIN, ACCOMPANIED WITH ANGULAR 
INSTRUMENTS. 


Tae method of surveying by the chain alone is applicable only 
to Surveys of comparatively small extent and simple in their out- 
lines, for even in small Surveys, the intervention of villages, high 
enclosures, temples, topes of trees, or other obstacles, may be found 
to render the measurement of right lines by the chain extremely 
difficult, and by isolating different portions of the work, to cause 
inaccuracies that’ may be avoided by the use of an angular instru- 
ment. . 

Angles, it is true, may be determined by the chain alone, by 
measuring the sides of small triangles disposed for the purpose, 
thus: Let AB, represent a line measured to a station B, from 
whence a second line BOC, form- 4 B D 
ing an angle with AB,is to be =——“‘“‘—sSOSC*~*~*~*~*~ 
measured. To determine the angle 
ABC, prolong AB to D, make BC 
equal to BD, and measure the 
chord DC; the three sides of the Cc 
triangle BDC being known, the angle DBC or its supplement ABC 
is determined. 

This is a method which ought, however, rarely to be resorted to, 
for no time is gained by its adoption, and the chances of error are 
considerably multiplied, owing to the numerous additional lines to 
be measured ; moreover, it is to be observed, that angles can in 
general be measured in the field more correctly with an instrument 
than the length of lines with the chain, especially over uneven 
ground or in an inclosed country. 

The instrument in general use, for the purpose of measuring 
angles in surveying, is the theodolite. It is calculated for extreme 
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accuracy, and should always be used when quality and not quan- 
tity is the desideratum ; when the correctness of the result, and 
not the rapidity of execution, is the object. 

In broad and extensive flats, though the triangulation were 
better carried on by the chain, as the chain is indispensable for 
determining cross boundaries, &c., yet the long lines of the tri- 
angulation must always be run in by the theodolite. 

In broken and hilly countries where the chaining could only be 
obtained by an application of the angles taken by the theodolite to 
the determining of the comparative lengths of the hypothenusal to 
the horizontal lines, this instrument is indispensable. The correct 
length of one side of a triangle together with the measures to 
minutes and half minutes, obtained with the accuracy of which a 
good theodolite is susceptible, of its two adjacent angles, will always 
more certainly determine the position of a third point, when hills 
intervene, than the incorrectly measured distances of the two other 
lines. 

The various uses to which the theodolite can be applied, in find- 
ing distances across rivers, heights of inaccessible objects, &c., are 
given under the head of “ Heights and Distances”’ (page 45,) and 
of “Useful problems in Surveying” (page 55,) the adjustments of 
the instrument also, and methods of observing angles (pages 110 
and 117,) it is, therefore, unnecessary to dilate further on its appli- 
cation to surveying, beyond giving an example, describing the 
method of proceeding with it. 





Let the above plan represent a survey of roads to be performed 
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with a theodolite and chain. Commencing on a conspicuous spot 
@, near the place at which two roads meet, the theodolite must be 
set up and levelled, the upper and lower horizontal plates clamped 
af zero, and the whole instrument turned about until the magnetic 
needle steadily points to the NS line of the compass-box, and then 
fixed in that position by tightening the clamp-screw H. Now 
release the upper plate, and direct the telescope to any distant 
conspicuous object within or near the limits of the survey, such as 
® pole purposely erected in an accessible situation, that it may be 
measured. to, and the instrument placed upon, the same spot, at a 
subsequent part of the operation, as A and B, and after bisecting it 
with the cross-wires, read both the verniers of the horizontal limb, 
and enter the two readings in the Field-book; likewise, in the 
same manner, take bearings or angles, to all such remarkable ob- 
jects as are likely to be seen from other stations, as the tree situ- 
ated on a hill; and lastly, take the angle to your forward station }, 
where an assistant must hold a staff for the purpose, on a picket, 
driven into the ground,* in such a situation as will enable you to 
take the longest possible sight down each of the roads that meet 
there. In going through the above process, at this and every sub- 
sequent station, great caution must be used to prevent the lower 
horizontal plate from having the least motion after being clamped 
in its position by the screw H. 

Next measure the distance from a to }, and set up the instrument 
at b, release the clamp-screw H only, not suffering the upper plate 
to be in the least disturbed from the reading it had when directed 
at a to the forward station 5, with the instrument reading this for- 
ward angle; turn it bodily round till the telescope is directed to 
the station a (which is now the back station) where an assistant 
must hold a staff; tighten the clamp screw H, and by the slow- 
motion screw I, bisect the staff as near the ground as possible, and 
having examined the reading, to see that no disturbance has taken 
place, release the upper plate, and setting it to zero, see if the mag- 
netic needle coicides, as in the first instance, with the NS line of 
the compass-box ; if it does, all is right; if not, an error must have 

@ A picket should always be left in the ground at every station, in order to recognise 
the precise spot, should it afterwards be found necessary to return to if again. 
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been committed in taking the last forward angle, or else the upper 
plate must have moved from its position before the back station had 
been bisected: when this is the case, it is necessary to return and 
examine the work at the last station. If this be done every time 
the instrument is set up, a constant check is kept upon the progress 
of the work ; and this indeed is the most important use of the com- 
pass. Having thus proved the accuracy of the last forward angle, 
release the upper plate, and measure the angles to the stations m 
and r, and, as before, to whatever objects you may consider will be 
conspicuous from other places; and lastly, observe the forward 
angle to the station c, where the theodolite must next be set up, and 
measure the distance bc. 

At c, and at every succeeding station, a similar operation must 
be performed, bisecting the back station with the instrument 
reading the last forward angle; then take bearings to every 
conspicuous object, as the tree on the hill, the station A, &c. 
which will fix their relative situations on the plan, and they 
afterwards serve as fixed points to prove the accuracy of the posi- 
tion of such other stations as may have bearings taken from them 
to the same object; for, if the relative situations of such stations 
are not correctly determined, these bearings will not all intersect in 
the same point on the plan. The last operation at each station is 
to measure the forward angle. In this manner proceed to the 
stations d, e, f, g, &c., and having arrived at g, measure an angle to 
the pole A, as to a forward station, and placing the theodolite upon 
that spot, direct the telescope to g, as a back station, in the usual 
way ; this done, release the upper plate, and direct the telescope to 
the first station a, from which A had been observed, and if all the 
intervening angles have been correctly taken, the reading of the 
two verniers will be precisely the same as when directed to A from 
the station @: this is called closing the work, and is a test of its 
accuracy so far as the angles are concerned, independent of the 
compass needle. If the relative situations of the conspicuous points 
A, B, &c. were previously fixed by triangulation, there would be no 
necessity to have recourse to the magnetic meridian af all, as a line 
connecting the starting point a with any visible fized object, may be 
assumed as a working meridian, and if it be thought necessary, the 
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reading of the compass-needle may be noted at a, when such fixed 
object is bisected and upon the theodolite being set to the reading 
of this assumed meridian, at any subsequent statior’, the compass- 
needle will also point to the same reading as it did at first, if the 
work be all correct, and no local attraction influence the compass. 

While the instrument is at A, take angles to all the conspicuous 
objects, particularly to such as you may hereafter be able to close 
upon, which will (as in the above instance) verify the accuracy of 
the intervening observations; having done this, return tog and//, 
&c. and proceed with the Survey in the same manner as before, 
setting the instrument up at each bend in the road, and taking 
offsets to the right and left of the station lines ; arriving at 1, survey 
up to, and close upon B; then return to i, and proceed from station. 
to station till you arrive at m, where, if the whole work is accurate, 
the forward angle taken to 6 will be the same as was formerly taken 
from 6 to m, which will finish the operation. 
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In the execution of extensive Surveys upon scientific principles, 
the accurate measurement of angles is of the utmost importance, 
requiring the employment of instruments of a superior construction, 
as well as considerable care and skill in their management; and, 
one great object of such surveys being the correct formation of 
maps and charts, it is no less essential, that the angles, when ac- 
curately measured, should be accurately laid down. 

As the instruments, therefore, necessary to be used by the Sur- 
veyor in taking dimensions of land, are such wherewith he may 
measure the length of a side, and the quantity of angle in the field ; 
so the instruments commonly used in making a plot or draught 
thereof, are such wherewith he may lay down the length of a side, 
and the quantity of an angle on paper. They, therefore, consist of 
scales of equal parts for laying down the lengths or distances, and 
protractors for laying down the angles. The various kinds of 
scales and protractors in general use with Surveyors will be found 
explained in Part II. of this work 

The common. method of plotting is this: Take a sheet of paper of 
convenient size, draw a line thereon, to represent the magnetic 
meridian, and assign any convenient point on this line to represent 
the place where the Survey commenced; lay the edge of the rect- 
angular protractor on this meridian line, and bringing the centre 
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thereof to the point assigned to represent the place of beginning, 
mark off the degrees and minutes of the first bearing by the limb 
of the protractor, and draw a line from the place of beginning 
through the point so marked, laying off its proper length or 
distance by the scale of equal parts; this line will represent the 
first line of the Survey. 

Through the point or termination of the said first line of the 
Survey draw another line, representing the magnetic meridian, 
parallel to the former, and lay off the bearing of the second line 
of the Survey by the protractor, and its length by the scale of 
equal parts, as before, and so proceed, until the whole is laid down. 


For Example.—Let it be required to make a plot of the following 
Field notes :— 


Line. Line. 

AB —N.E. 652° 00’ Dist. 9.17 Chs. EF — N.W. 297° 30’ Dist. 14.40 Chs. 
BC —S§.E. 106° 15’ , 12.04 ,, FG—S.W. 236° 15’ ,, 18.20 ,, 
CD — N.W. 355° 45’ ,, 1400 , AG—S.E. 178° 00’ ,, 21.00 ,, 
DE —N.E. 40° 00’ ,, 11.00 ,, 


N 





1st.—Draw any line as NAS to represent the magnetic meridian, 
and assign any convenient point thereon, as A, to represent the 
place of beginning the Survey; lay the edge of the protractor on 
the line NAS, with the centre thereof at the point A and mark off 
52° on the limb to the eastward, and draw the line AB through 
[parr m1. 


243 


the point so marked off, making the length thereof 9.17 chains by 
the scale of equal parts. 

2nd.—Draw another meridian line NBS, through the point B, 
parallel to the former. Lay the edge of the protractor on this 
second meridian line NBS with the centre thereof at the point B, 
and mark off 106° 15° to the eastward, and draw the line BO, 
through the point so marked off, making the length thereof 12.40 
chains by the scale of equal parts. 

3rd.—Draw another meridian line NOS, through the point C, 
parallel to the former, lay the edge of the protractor to this third 
meridian line NCS, with the centre thereof at the point O, and 
mark off the third bearing 355° 45’ to the westward, making the 
length of the line CD 14.000 chains in the same manner as before, 
and so proceed with all the other lines DE, EF, FG and GA, and 
if the last line terminates in the place of beginning or at the point 
A, the work is said to close, and all is right; but if the last line 
does not terminate in the place of beginning, there must have 
been a mistake, either in taking the field-notes, or in the protrac- 
tion of them ; in such case, therefore, it will be necessary to go 
over the protraction again, and if it is not found, the mistake 
must be in the field-notes, to correct which, they must be taken 
again. 

This method of plotting is limble to some inaccuracies of practice, 
on account of having a new meridian for every particular line of 
the survey, and on account of laying off every new line from the 
point of termination of the preceding one, whereby any little 
inaccuracy that may happen in laying down one line is commu- 
nicated to the rest. 

These inaccuracies, or errors of plotting, may be partly obviated 
where the survey is not very extensive, by the use of the circular 
protractor, and having only one meridian line assigning a point 
thereon for the beginning of the survey, all the bearings are laid 
off at once from this point, and the other points of the survey 
fixed, by means of lines drawn parallel to the bearings, as laid off 
from the first point. 

For instance, let it be required to make a plot of the field-notes 
as given in the last example. 
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Draw a meridian line NS, and assign thereon a point A, as the 
beginning of the Survey, on this point A, place the centre of the 
circular protractor, with 360° exactly to the North, and 180° to 
the South of this line NS, mark off all the bearings of the lines 
AB, BO, CD, &c., beginning with the first and numbering it 1, 
the second 2, and so on. Then laying aside the protractor, cast 
the eye about the tract traced by the protractor for the bearing 
marked 1, draw a line from the beginning of the Survey or point 
A, in the direction of the mark 1, and on it, lay off the distance 
9.17 chains, thus fixing the point B. Apply a parallel rule to the 
point A, and the.mark 2, and move its edge up, until it touches 
the point B, last fixed ; draw a line eastward, and lay off from the 
point B, 12.40 chains, thus fixing the point C. 

Again, apply the parallel rule to the point A and mark 3, 
and move its edge up, until it touches the last point fixed or 
C, draw a line thence northward and lay off on it the distance 
14.00 fixing the point D. 
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In the same manner, apply the parallel rule to the point A, and 
the several other bearings, marked 4, 5, 6 and 7, and lastly, the 
bearing from the last point fixed, or point G, will fall exactly into 
the first, which closes the plot ; it is almost unnecessary to observe 
that the dotted lines in the diagram, are drawn only to illustrate 
the operation, and that in practice it is only necessary to mark the 
numbers 1, 2, 3, &c., round the tract traced by the protractor. 

This method, now in general use among surveyors, saves ‘the 
trouble of shifting the protractor at every bearing, and also ensures 
greater accuracy in the plotting, as a great number of bearings 
being laid down from one meridian, a trifling error in the direction 
of one line does not affect the next; the accuracy of the plot, how- 
ever, depends much upon using a parallel rule that moves truly 
parallel, which it is well to look to before proceeding to this mode 
of plotting. 

Triangles are more accurately protracted by means of their sides 
than by their angles, and one side only, for measures of length can 
be taken from a scale and transferred to paper with more exactness 
than an angle can be pricked off from a protractor. 

In plotting an extensive survey, it is in most cases requisite to 
show the direction of the meridian, and it therefore becomes neces- 
sary to lay down from one of the principal stations the azimuthal 
angle subtended by some other station and the meridian : now this 
angle cannot be laid off from a protractor, even of the most approved 
construction, so accurately as the plotting of the triangulatior may 
be made from the measured or computed sides of the triangles. To 
obtain a corresponding degree of exactness, recourse must be had 
to some other method, and the following, described by Mr. Simms,* 
is the best that we have seen practised. 

Let AB be the side of a triangle, the azimuthal angle of which 
has been ascertained with reference to NS, the meridian line. 
Take from an accurately divided diagonal scale, exactly 5 inches as 
a radius, and from A as a centre, describe an arc CD; now the 
chord of an arc being equal to twice the sine of half the arc, the 
chord CD is equal to twice CE, the sine of half the angle CAD. 


* Treatise on Surveying Instrumente, &c 
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Take a radius AF’ equal to twice AO, 

and describe the arc FG intersecting B G 
the radius AB in F, draw the sine FH, 

then by similar triangles, 

AF: AC: : FH: OB, but 

AF = 2AC by construction, therefore 

FA= 2CE=—CD; 

that is, the chord of a given arc is equal 

to the sine of half the arc with double . 
the radius. 

The radius of the tables of natural 
sines is equal to 1 or 10; and having 
taken the half of 10 or 5 inches for the 
radius AO, the natural sine of half the 
given angle taken from the tables will correspond to FH, the sine 
of half the given angle with double the radius; but FH was proved 
equal to CD; the natural sine therefore of half the given angle to 
a radius 10, will be equal to the chord of the whole angle to a 
radius 5. Having taken that distance from the same scale of 
inches as the radius, place one foot in the point C, and with the 
other mark the point D on the arc CD, then through D and A 
draw the line NS, which will be the direction of the meridian. 

This method of laying off angles may also be conveniently em- 
ployed in dividing a circle to be used as a protractor, and which 
can be made either on the same sheet of paper, intended to receive 
the drawing, or on a separate sheet of card-board, when it may be 
preserved and used on after occasions. The great difficulty of 
dividing a circle accurately is well known, but if the arcs are laid 
off by means of their chords, ¢he division may be performed with 
great exactness. 

A protractor laid down upon the paper, enables the draftsman to 
plot the work with great rapidity, and with less chance of error, when 
the scale is small, than by the method of laying off angles by 
placing the centre of a metallic protractor at every angular point, 
and pricking off the angle from its circular edge. 

During the time which must necessarily be occupied in plotting 
an extensive and minute survey, the paper which receives the work 
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is often sensibly affected by the changes which take place in the 
hygrometrical state of the air, causing much annoyance to the 
draftsman, as the parts laid down from the same scale at different 
times will not exactly correspond. To remedy, in some measure, 
this inconvenience, it has been recommended that the apartmenta 
appropriated to the purposes of drawing, should be constantly kept 
in as nearly the same temperature as possible, and also that the 
intended acale of the plan should be first accurately laid down upon 
the paper itself; and from this scale all dimension= ow the - 
should invariably be taken, as the scale ~- AWBYS “au wile 
same state of expansion as the plot ~»8" it may no longer retain 
its original dimensions. “ 

Another method of yrotracting a survey, and by which the in- 
conveniences of the above methods are avoided, and by which, also, 
the accuracy or otherwise of the field-work is decided with precision. 
and certainty, will be presently treated of; in the meanwhile, we 
refer the reader to Chap. 8 and 9, Part II., where, in describing 
the use of the several instruments used in plotting, further instruc- 
tions are given, and close this chapter by extracting from Mr. 
Bradley’s valuable work on Practical Geometry, the following 
useful rules, applicable to Geometrical construction : 

1. Ares of circles, or right lines by which an important point is 
to be found, should never intersect each other very obliquely, or at 
less than 15 or 20 degrees; and, if this cannot be avoided, some 
other proceeding should be had recourse to, to define the point 
more precisely. 

2. When one arc of a circle is described, and a point in it is to 
be determined by the intersection of another arc, this latter need 
not be drawn at all, but only the point marked off on the first, as 
it is always desirable to avoid the drawing of unnecessary lines. 
The same observation applies to a point to be determined on one 
straight line by the intersection of another. 

3. Whenever the compasses can be used in any part of a con- 
struction, or to construct the whole problem, they are to be 
preferred to the rule, unless the process is much more circuitous, or 
unless the first rule (above) forbids. 

4. A right line should never be obtained by the prolongation of 
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a very short one, unless some point in that prolongation is first 
found by some other means, especially in any essential part of a 
problem. 

5. The larger the scale on which any problem, or any part of 
one, is constructed, the less liable is the result to error: hence all 
angles should be set off on the largest circles which circumstances 
will admit of being described, and the largest radius should be 
taken to describe the arcs by which a point is to be found through 
~~high | a righi, line i is to be drawn ; and the greater attention is to 


be Daauezlo in proportion as that step of the problem 
under consi ration is ive to the correctness uf the final 
result. >% 


6. All lin \ perpendicular or parall@™e another, should be 
drawn long « ‘ugh at once, to obviate the necessity of producing 
them. 

7. Wheneve: } line is required to be drawn to a point, in order 
to insure the c lncidence of them, it is better to commence the 
line from the po. tt; and if the line is to pass through two points, 
before drawing it the pencil should be moved along the rule, so as 
to ascertain whether the line will, when drawn, pass through them 
both. Thus, if several radii to a circle were required to pass 
through any number of points respectively, the lines should be 
begun from the centre of the circle: any error being more obvious 
when several lines meet in a point. 
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OFFSETS, AND THE VARIOUS Pracricaa Mrrnops oF FINDING 
AREAS, INCLUDING THE Repucrion or Inciivep to Horizonran 
PLANES. 


Tue area of the principal triangles in a survey, should, in all 
cases, be computed from the length of their sides, as obtained from 
the field-book. The operation is simple, by the following rule :— 


Rule.—Add. the three sides together, from half the sum of the 
sides subtract each side severally. Multiply the half sum and 
three remainders together, the square root of their product will be 
the area, or— 


By logarithms, which method is a much shorter calculation 
than the former: To the logarithm of half the sum of the sides, 
add the logarithms of the three remainders, the sum of these 
logarithms divided by 2, will be the logarithm of the area. 


To find the area of offsets by calculation: Multiply half the 
sum of each successive pair, by the distance on the chain line 
between them, the sum of all these separate areas, will give the 
area of the whole offset on the chain line. 
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EXAMPLE. 
Let the subjoined plot of field-notes represent the offsets taken 
to a boundary on the station line AB. 





ee line, 





Acres. 
Aa X ag or 300 X 2°50 te the Area of Triangle, Aag or 0°75 
Ab — Aa = ab X ag + thor 050K 350= um, Trapezoid, bagh ,, 0°175 
Ac— Ab = be X bh+aa ,, 1:50 K 380= s » dhe, 0657 
Ad— Ac =ed Xs » 2°00 x 2°80 = - Triangle, dos ,, 056 
2) 2:055 
Area, = 1°027 

And to the left of the chain line, 
Acres, 
Ae — Ad = de X ¢ or 150 XK 2 00= double the Area of Triangle, deg or 0 30 
Af— Ae = ef Xy+fk or 130 K 290= ns Trapezoid ef&y ,, 0°116 
AB—Af=fBXfk , 280X090= ,, ‘rangle Bfk ,, 0252 
2) 0 668 
Area, = 0 334 


If the survey has been performed keeping the work to the left 
hand, the offsets to the right of the chain line are additive, and 
those to the left are subtractive, from the total area of the figure ; 
if, on the contrary, the survey has been done, keeping the work to 
the right hand, the reverse of the above takes place. 

It will then be 1:027 — 0:334 = 0:698 acres or 0 acr. 2 rds. 
31 per. the balance area of the offsets, to be added or subtracted as 
the case may be. 

In all cases of offsets to a boundary line, the only two figures 
met with are the triangle and the trapezoid, the former, when the 
boundary runs from the station point to the first offset, or where 

the boundary crosses the chain line ; and the latter by each pair of 
successive offsets, forming the two parallel sides of the trapezoid. 
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The rules for finding the areas of both the triangle and the trape- 
zoid, are given at pages 52 and 53. 

Various are the methods of obtaining contents from the direct 
measurement of planes, and we have, in Part I., described the 
method of dividing irregular figures into triangles and trapezia 
(pages 77 and 78,) as well as of reducing them to a single triangle 
(prob. 12, page 59,) but the chief art in computing, consists in 
finding the content of pieces of land, bounded by curved or very 
irregular lines, or in reducing such crooked sides of fields or 
boundaries to straight lines that shall enclose the same or equal 
area with those crooked lines, and so obtain the area of the curved 
figure by means of the right-lined one, which will commonly be a 
trapezium. ‘This reducing of the crooked sides to straight ones, is 
very easily and accurately performed in the following manner :— 

Apply the straight edge of a thin, clear piece of lantern-horn or 
tale, to the crooked line, which is to be reduced in such a manner, 
that the small parts cut from the crooked figure by it, may be equal 
to those which are taken in, which giving and taking as it is called, 
can be judged of very nicely by a little practice ; then with a fine 
pointed pencil, draw a line by the straight edge of the horn, and 
do the same on the other sides of the figure; the straight-sided 
figure thus obtained, will be equal to the curved one, the content 
of which will be equal to the content of the crooked figure pro- 
posed. 

Instead of the straight edge of the horn, a horsehair, or fine 
thread, may be applied across the crooked sides in the same 
manner; and the easiest way of using the horsehair is, to string 
a small slender bow, made of whalebone or thin bamboo with it, 
for the bow keeping the hair always stretched, it can be easily and 
neatly applied with one hand, while the other is at liberty to make 
two marks by the side of it, to draw the straight line by. 

We will mention one other method, which for accuracy and 
despatch of work for small parcels of land, and particularly offsets, 
is far superior to any of those already named. 

This consists of a piece of transparent horn or tale, as thin as 
will admit of strength, divided off into squares of acres and roots; 
to do which, describe a rectangle, on whatever scale the work is 
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protracted on, of 80 chains by 72, divide each side into 24 equal 
parts, and draw lines across joining the divisions, then will each 
small square be equal to one acre, for 80 chains multiplied by 72 
chains=576 acres and the square of 24 is also 576; on one side 
of the rectangle these squares may be divided off into roods if 


necessary. 

To use this “talc square” as it is called, place any of the lines 
drawn across it, on the station line of the survey in such a manner; 
that the offsets to the right and left of the line may be all brought 
within the small squares of the rectangle; then holding the talc 
firm with the left hand and with a pair of compasses in the right 
hand, commence at one end of the line and measure the length of 
such portion of the offset from the chain line (balancing the 
irregular edges as near as possible) as may fall within each row of 
small squares, commencing with the first row on the right, adding 
this on, by opening out the compasses, to the portion contained 
in the second row, this again to the portion contained in the 
third row, and so on; if the offset passes to the left of the chain 
line, draw in the compasses from the chain line to the offset, so 
will the area of offset to the left of the line be deducted; then 
measure the distance in the compasses along one side of the rect- 
angle, and the number of squares contained within the two legs, 
will be the area in acres and parts of an acre of the offset. 

The following diagram represents a tale square, divided off into 
acres, placed over the station line YZ, the crooked line as seen 
through the talc representing a boundary line. 


A gee 





itis 18 ae 
ie} | | tt 
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To calculate the area of the offsets on the line YZ, commence at 
Y and measure the distance ab, keeping this distance in the com- 
passes, place the upper leg of the compasses at ¢, and open them 
out to d, placo the upper leg again at e, and open them out to /, 
again from g to h, and from é to y, here the offset going to the 
left of the line, plage the upper leg of the compasses on the chain 
line at &, and draw them én towards /, then at m drawing them in 
to n, at 0, drawing them in to p, and at ¢ to r, the offset again pro- 
ceeding to the right of the line, the upper leg of the compasses 
must be placed on s, opening them out to ¢, from # to » and from 
w to #, then will the number of squares contained within the com- 
passes be the number of acres and bers of an acre contained in 
the offset on the line YZ. 

In the above diagram, the dots on the chain line, and on the 
offset, show the measurements to be taken with the upper leg of 
the compasses, and the dots below show where the under leg of 
compasses would fall in making the above measurements, observing 
that the distances from dot 1 to c = ab, dot 2 to e = dot 1 to d, 
dot 3 to g = dot 2 to f, dot 4 to i= dot 3 to A, dot 5 to k = dot 
4 to 7, and so on to the end of the line. 

This instrument can also be used for finding the content of 
irregular figures of any shape, and is particularly adapted for 
checking the areas of villages surveyed on the transverse system, 
whose area is obtained by a calculation quite independent of a plot 
as will be hereafter explained. 

The best method of making these “Talc Squares” is to draw 
the rectangle and small squares correctly on a piece of drawing 
paper or card-board with a fine steel pen, keeping this as a pattern, 
and whenever a talc square is required, to lay the tale over this, 
fastening it at the corners with a little gum, to prevent its slipping, 
and with the point of a pricker to scratch the lines across the talc : 
when they are all drawn, a mixture of lamp black and oil should 
be rubbed well into the marks ; round the edge of the talc, paste 
& narrow edging of paper to prevent its breaking. 

In connection with the subject of areas or superficial contents, we 
come to the consideration of an important principle, viz., the reduc- 


tion of the lines measured over steep slopes to the horizontal plane. 
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Having to lay down on a plane or flat surface, boundaries 
and. lines at different inclinations, in order to avoid distortion in 
the outline, and to bring all the details duly within the framework, 
it is absolutely necessary that we refer to, or project all lines and 
points upon a plane. The plane adopted to receive this common 
projection is the horizontal plane. It is not, therefore, the actual 
surface that we have to protract, but the diminished quantity that 
would result, had the whole been reduced to a horizontal plane. 

It is, therefore, necessary to reduce all sloping or hypothenusal 
distances to their horizontal lengths. When the lines are long, 
and the slopes much varied and considerably inclined, this reduc- 
tion ought to be made by calculation,* or at least by reference to 
tables of reduction of hypothenusal lengths to horizontal ones as 
given below :— 





TABLE I. ! TABLE II. 


Reduction in Links and Decimals upon ‘| Shewing the Rate of Inchnation of 
each Chain’s Length for the following , Inclined Planes, for the following Angles 
Angles of Elevation and Depression. || of Elevation. 





| pe eh Ne 
Pree Angle. |One in} Angle One ‘i Angle jOne in 





Re- Re- 
Angle | auctn || AUS jauctn || Angle 














































s°.0|014|| 9°, 0] 1.24 |]36°. 0| 3.40 | 0° 16°] 298 3° so” 
30/ 1.38 || 30) 364 | 


0. 30; 114 |3 40 
4°, 0 | 0.25 || 10°. 0| 1 52 |] 16°. 0] 3 88 |, 
3 








0} 1.68) 30/412/0. 45] 76/14. 0 0| 7 
| 
6°, 0 | 0.88 } 11°. 0) 184 17°. 0/437) 1. Oo] 56 14. 15 0| 63 
80/201 ]} 30] 4.63 | 
(1, 15] 46 14. 80 o| 6 
0 55 112°. 0] 219 l}18°. 0| 490 |} 
0.65|| 30/2.37]| 3016.17/1. 30] s8i4, 46 o| 63 
0 76 113°. 0} 256/19. 0/644 11. 45] 3215. 0 o| 53 
0.86 || 8012.77|| 30] 6.74 
2 0| 28/6. 15 o| 6 
0 98 ||14°. 0| 297 |]20°. 0| 6 08 
1.10 |} 30/3.18]/ 30/6388 //2, 15] 26 lls, 30 o| 43 
2. 80] 23 5, 46 o| 4 
The reduction for one Chain (from the 
above Table) multaplied by the number |/2. 45/ 21/6. 0 0; 33 
ted will give the quantity to be 
su from the measured length of |/3. 0} 19 |/6. 30 0; 3} 
an inclmation, to reduce 1t to horizontal 
measure. & 16} 18 116. 46 0; 3} 








© This calculation is simple Supposo AC to represent the horizontal plane, and AB 
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Tables of reduction are engraved on the vertical arc of Theodo- 
lites which, while they show on one side the angle of elevation or 
depression, give on the other the number of units per hundred that 
have to be deducted to reduce the hypothenusal line to its corres- 
ponding horizontal length. 

In small surveys, especially those made with the chain only, 
an allowance or reduction is generally made in the field by con- 
struction or estimation as the measurement proceeds. If the slope 
be not very steep, the reduction is accomplished by holding the 
lower end of the chain above the ground, as nearly horizontal as 
can be judged by the eye, allowing a plummet to hang from the 
hand that holds the chain, in order to point to where the arrow 
should be placed. 

When perfect accuracy, however, is sought, and when the survey 
is extensive, the angles of inclination should be observed, and the 
proper deduction obtained by computation, and allowed for when 
the work is being plotted. 


the measured line, the angle of elevation BAC being B 
taken with the theodolite, we have the mde AB, the 
angle BAC, and the angle BCA, a nght angle, to find 
the hne AC, which is the horizontal length required. 
A. Cc 
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Tae Traverse System, anp Gatxr’s Mernop or Surveyine. 


A TRAVERSE may be defined as a circuitous route performed 
on leaving any place on Ife earth’s surface, by stages, in different 
directions, and of various lengths, with a view of arriving at any 
other place situated in any direction with reference to the former, 
and at any distance therefrom which cannot be reached in the 
direction of the shortest line connecting them. The angles which 
the stages or station lines form with the meridian are called 
“bearings” the quantity of Northing or Southing made in each 
distance, is called the difference of latstude, and the amount of 
Easting or Westing is termed the departure. 

When the bearing corresponds with the meridian, or with the 
perpendicular to it, there will in the former case be nothing but 
difference of latitude, and in the latter nothing but difference of 
departure, and the distance measured will itself, express the 
amount of Northing or Southing, or of Easting or Westing due 
to the change of position. The perpendicular to the meridian 
coincides, at first, with the small circle of latitude. When the 
distances are great, the deviation of these two becomes sensible, 
being the difference between the base and hypotheneuse of a 
right-angled spheric triangle. In ordinary revenue survey work 
the difference is scarcely sensible. 

When, however, the bearing does not correspond with the 
meridian or with the perpendicular to it, there will be for every 
distance measured a certain corresponding change both in latitude 
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and longitude (or departure); and as these will, with reference\, 
their particular distance, answer the condition of our definition, 
they may, with propriety, be termed the traverses of the distances : 

We will therefore define: 

Ist. Meridians as North and South lines, which are supposed to 
pass through every station of a survey, running parallel to each 
other.* 

2nd. The difference of latitude or the Northing or Southing of 
any line, as the distance that one end of a line is North or South 
from the other end. 

8rd. The departure of any line, as the perpendicular distance 
from one end of the line to a meridian passing through the 
other end. 

In the 8rd Cor. Theor. V., (page 1Q,) it is stated and proved, 
“that all the interior angles of any rectilineal figure, together 
with four right angles, are equal to twice as many right angles as 
the figure has sides ”’ or, in other words, that— 

In any rectilineal figure, the sum of all the interior angles, is equal 
to twice as many right angles as the figure has sues, less four right 
angles. 

This forms the basis on which the Revenue Survey operations 
in India are conducted. The Traverse System is a method of 
computation by rectangular co-ordinates, and is applicable to 
any mode of surveying whatever, such as Route Surveys, Rail- 
way Lines, Navigation Courses and the like, where every station 
is fixed by distances on the meridian and perpendicular, and this 
is essential to Gale’s System, which may be termed the periphery 
measuring or perimetrical method. By throwing a series of 
angles over the face of a country, and forming a network of large 
circuits, the liability to error is reduced within the narrowest 
limits, which the means at disposal permit. This angular Circuit 

* These meridians are not really parallel, but converge towards the poles of the 
earth, but so insenmbly as not to be worthy the notice of a Surveyor’s operations 
within a very lumted space. In extended operations, however, as in India, where 
whole provinces come within the Traverse System of the Revenue Survey, the paral- 
lehism of the meridians must be preserved, to carry out in practice the accuracy of the 


above Theorem. A table for the convergency correction, and its mode of application 
will be found in the Appendix. 
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System, in extensive operations in a country like India, with 
instruments of the best construction and moderate power and 
size, can alone enable a surveyor to carry out in practice the 
theoretical accuracy of the Traverse, and permit, by the aid of loga- 
rithmic calculation, an approximation to the proof required, viz. : 

Ist. “That the sums of all the interior angles shall be equal 
to twice as many right angles as the figure has sides, legg four 
right angles ” and— 

2nd. As regards the linear measurements, “That the sums of 
the Northings be equal to the sums of the Southings, and the 
sums of the Eastings be equal to the sums of the Westings ;” 
which latter will be presently explained. 

It is not intended to be advanced that the Indian Revenue 
System will bear compariggn with the Ordnance Survey of Great 
Britain, as respects the Geometrical principles, on which they are 
respectively based. The latter is on a Trigonometrical basis 
throughout, and the errors in detail have never reached the 
assigned limits of =, of superficial or 4 of linear measure. The 
periphery measurement system of India is not capable of giving 
results so accurate as the Ordnance Survey System, because a 
space is not rigorously represented by its perimeter; at the same 
time, where boundaries are the chief object of the Survey, the 
simplicity of the latter system is an immense advantage, and con- 
sidering the expenditure of time and money, the results of the 
Indian System are admirable. The country could not possibly 
be surveyed so economically, or so rapidly in any other way, and 
bearing in mind the relative value of ground in the two countries 
it would not be advisable to adopt the more expensive and more 
accurate system of the Ordnance Survey, it would in fact be an 
endless job in such a vast empire, a complete first Survey likewise, 
being most urgently needed. 

Hutton in speaking of the Traverse Table, observes, “that this 
mode of surveying large tracts of lands was made use of by Mr. 
Norwood, so far back as 1635,” and he adds, “that in Plotting the 
Survey of a country thus taken, the Circuit Station lines, though 
consisting of many hundreds, may be reduced to a few for the 
first closing, and the like for the intermediates of each line first 
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plotted by which every station may perhaps be more truly placed 
than by any other method.” The above remark is extremely 
accurate and there is no mode so efficacious as the one advised. 
By it a survey can be carried on methodically and accurately, 
and the operation is wonderfully simplified, which by any other 
process would be involved in difficulty, error and confusion ; and 
sinceghe meridian and perpendicular columns of the Traverse 
admit of the Station lines being plotted by mere plain scale and 
compass, it would be difficult by any other method to effect this 
part of the work so easily, and by no means could a circuit mea- 
surement and its area be made and determined with the precision 
the Universal Theorem admits of.* 

However correctly distances may be measured, unless the 
angular work is also correct, the result,will be unsatisfactory, but 
with both these data accurately determined, the proof will be 
certain, and it will be observed, how admirably each step in the 





work proves the other, and what confidence the system gives to 
* Memoranda on the mode of Surveying adopted in the Revenue Surveys, by Major 

Wroughton, Deputy Surveyor General, m the Agra Printed Selections from public 

Correspondence, Part 3rd. 
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@ surveyor who has no need whatever to put any of his work on 
paper, but with his Traverse correct, may produce his map at any 
future period with undoubted certainty. 

We will now proceed to explain the mode of Surveying by 
Traverse. 

Draw any figure such as ABCDEFGHIJA, representing the 
sides of an irregular Polygon. (See page 259.) 

If the Theodolite is first set up at the station A, and the 
interior angle JAB is observed and then at B, observing the 
interior angle ABC, at C, the interior angle BCD, and so on all 
round the polygon, then will the sum of all the interior angles, 
JAB, ABO, BCD, &c., be equal to ten times two right angles 
(the figure haying ten sides) less four right angles or 180° x 10 
—360° = 1440°. 

In practice it will be found that this result cannot be exactly 
attained, and that the sum of the angles will generally amount 
to two or three minutes more or less; to meet this, a correction of 
one minute in every four or five angles, additive or subtractive as the 
case may need, is generally necessary to obtain the result required. 

Having thus proved the angular work correct, the next opera- 
tion is to obtain the bearings of the several sides of the polygon or 
angles subtended by these sides with the meridian. This is either 
done by the magnetic needle on the theodolite or by astronomical 
observation, (the latter will be treated of hereafter in Part V. and 
various methods given for ascertaining the frue bearing of an 
object,) but as all the Revenue Surveys in India progress on the 
true meridian of the earth, we shall therefore treat only of true 
meridional bearings or angles formed by each line with the true 
meridian. If the Theodolite were adjusted in the plane of the 
meridian on every station of a survey, we should find no difficulty 
in obtaining the true bearing of each line, but as this would be 
very troublesome and next to impossible, it is only necessary in 
practice to obtain the correct bearing of the first line of a survey, 
from which by the assistance of the angular work the bearings of 
the other lines can be deduced. 

This true bearing being once established has only to be checked 
and corrected by similar means after every 50 or 100 square miles 
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of country traversed, and it will be found seldom to exceed from 5 
to 10 minutes of a degree from the true meridian, whereas, if the 
magnetic needle was used, an error of 15 or 30 minutes is scarcely 
traceable in a single observation, and where so many instruments 
are in use, all giving a different magnetic variation, it is plain 
that, without this method of deducing the azimuths from the 
an observations, the utmost confusion would arise. 

Rule.—To the bearing of the line preceding that of which the 
bearing is sought, add the inward angle formed by these two lines, 
and the sum increased or diminished by 180°, according as it may 
be less than, or in excess of 180°, will be the bearing of the next 
line sought. 

Before proceeding to prove the above rule, we will first premise 
that, in all modern Theodolites the divisions are numbered round 
the circle, from 0° to 360°, so that the bearing of any object 
between 0° and 90° is reckoned North-East, between 90° and 180° 
South-East, between 180° and 270° South-West, and between 270° 
and 360° North-West, 0°, 90°, 180°, 270°, being respectively due 
North, South, East, and West. 

This method of reckoning the bearings of objects is by far the 
most convenient for practice, as without the necessity of making 
use of the letters to denote the direction, the bearing is known at 
once by the number of degrees contained in the arc. 

Let the Bearing of the line AB in the following figure be given, 
as found by astronomical observation. 

To find the bearing of the lne BC.—Produce AB to a, and 
CB to e. 

The two meridians NS, and N’S being parallel, the angle N'Ba 
is equal to the angle NAB, if to the angle N’Ba or arc N’a we add 
the interior angle of the polygon ABC, or its equivalent in arc 
aS'c, we obtain the angle formed by the line CB with the meridian 
N’S or arc NaS‘, if then the angle cBC or 180° be deducted from 
this, thus reversing the direction of the line, we have left the angle 
N'BC or Bearing of the line BC with the meridian NS.’ 

To find the bearing of the hne CD.—Produce BC to 6 and 
DC to d. 

The two meridians N’S’ and N’S being parallel, the angles 
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NBO and N°Cé are equal. If to the angle N°Cd or arc N°}, we 
add the interior angle of the polygon BCD, or its equivalent in are 
b8*d, we obtain the angle formed by the line DC with the meridian 
N’*S? or arc N°38*d, if then the angle dCD or 180° be deducted 
from this, thus reversing the direction of the line, we have left the 
angle N’OD or bearing of the line CD with the meridian N’S’. 





To find the bearing of the line DE.—Produce CD to e and 
ED tof. 

The two meridians N’S’ and N’*S’ being parallel, the angles 
N’CD and N*De are equal. If to the angle N*De or arc N’e we add 
the interior angle of the polygon CDE, or its equivalent in arc ef, 
we obtain the angle formed by the line EJ) with the meridian 
N°S? or arc N’e/, if then the angle /DE or 180° be added to this, 
thus reversing the direction of the line, we obtain the angle N7DE 
or bearing of the line DE with the meridian N’°S". 

To find the bearing of the tne EF.—Produce DE to g and 


FE to h. 
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The two meridians N*S* and N‘S* being parallel, the angles, 
N°DE and N‘Eg are equal. If to the angle N‘Ey or arco N‘AS'y we 
add the interior angle of the polygon DEF or its equivalent in are 
gN‘h, we obtain the angle formed by the line FE with the meridian 
N‘S or arc N‘2S‘gN‘A from which if we deduct the angle AEF or 
180°, thus reversing the direction of the line we have left, the 
angle NEF or bearing of the line EF with the meridian N'S‘. 

And so on, this proof may be carried through every line of the 
polygon, until we come to the last line JA, when its Bearing added 
to the interior angle JAB + or — 180° as the case may require 
will give the original starting bearing of the line AB. 

We have been thus prolix in explaining how the bearings of 
the above four lines of the polygon are obtained, as they contain 
cases in each quadrant of the circle, BC, being a South-East bear- 
ing, CD, North-East, DE, North-West, and EF, South-West ; the 
same rule is however applicable to the remaining sides.* 

* If the sum of the preceding bearing and forward angle after deducting 180° 


amounts to more than 360°, deduct 360° from the total, the remainder will be the bear 
ing of the next line 
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CHAPTER VII. 


THe PRoor OF THE TRAVERSE, AMOUNT OF ERROR ALLOWED, 
AND MetHop oF CoRRECTION. 


We now offer for consideration the following Theorem, viz. : 

That in every Survey, correctly taken, the sum of the distances gone 
North from a certain point, will be equal to the sum of the distances 
returned South to the same pont, and that the sm of the distances 
gone East, will be equal to the sum of the distances returned West. 

The truth of the above is self-evident, for the meridians within 
the limits of an ordinary Survey having no sensible difference from 
parallelism, it must necessarily follow, that if a person travel any 
way soever within such limits, and at length come round to the 
place where he set out, he must have travelled as far to the North 
as to the South, and to the East as to the West, though the 
practical surveyor will always find it difficult to make his work 
close with this perfect degree of exactness. 

We will however explain this more fully with the assistance of 
a diagram. 

Let the line NS run due North and South, and EW due East 
and West. If we fix on the point A, as a starting point and a 
person walks from A to b, on the line NS, say 400 yards, and , 
wishes to return to A, he must walk back 400 yards; in going: 
therefore from A to 6, and back from 6 to A, he has walked 400 
yards North and returned 400 yards South: In the same manner 
if he fixes on the point 6 as a starting point, and walks to B on the | 
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line EW say 300 yards to get back to 6, he must return 300 yards ; 
in walking therefore to B, he has gone 300 yards East, and 
returned 300 yards West. ad 


TAIEENG 
TANT EIN 


snnenne 


SPN 


He 


Supposing now, he walks from A to B, say 500 yards in the 
direction of the line AB, he will then have gone North from A, 
400 yards, and Kast from A, 300 yards. 

In a continuation of the figure, having walked or measured from 
A to B, he proceeds on and measures from B to OC, in doing so, he 
goes a certain distance South and a certain distance East of B to 
arrive at C, thence he measures to D, going a certain distance 
north and east of C to arrive at D, from D he measures to E, from 
E to F, and so on, going north, south, east or west, from the pre- 
ceding station as the direction of the line may be, until he arrives 
back at his original starting point A. In making this tour, there- 
fore, he has gone the same distance north as he has returned south, 
and the same distance east as he has returned west. 

Let the vertical and horizontal lines drawn through the several 
stations A, B, C, &c., represent the former, a series of meridians 
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or north and south lines or lines of longitude; and the latter, a 
series of east and west lines or lines of latitude: as these lines of 
latitude andAongitude are all respectively perpendicular and paral- 
lel to each other, it follows that the angle formed by the intersec- 
tion of the meridian line of one station, and the latitudinal line 
of the next station as at 6, k, 1, m, &c., must be a right angle 
or 90°. 

Now supposing all the lines AB, BC, &c., to have been carefully 
measured with a chain, and that having obtained the bearing of 
the line AB, by astronomical observation, we have deduced the 
bearings of all the other lines by the rule (page 260) ; we then 
have the data in each line, of a side and two angles to find the 
other two sides. 

For instance, in the triangle ADB, we have the side AB, and 
the two angles JAB, AbB, (the latter being invariably 90° or a 
right angle) to find the other two sides Ad and 6B the former 
being the difference of latitude, and the latter the departure of 
the station B from A. In like manner, in the triangle B&C, we 
have the side BC, and the two angles CBs (obtained by deducting 
NBC from 180°) and B&C (a right angle) to find the other two 
sides Bi and Ck, the former being again the difference of latitude 
and the latter the departure of the station C from B, and so on 
for every line round the figure. 

The object of calculating all the sides of these several right- 
angled triangles on each line, is to obtain the difference of latitude 
and departure of each station from the preceding one, which 
difference being found, the sums of all differences of latitude of 
lines going North, must equal the sums of all differences of 
latitude of lines going South, or 

Ab +- Cl -+- Dm +- Gp + Js = Be -+- En + Fy + He -+ Ir 
and the sums of all differences of departure of lines going East 
must equal the sums of all differences of departure of lines going 
West, or 

oB + k0 + 2D +-rJ + cA = mE -+ oF + 9G + pH + GI 
and if this is not the result of the above calculations, the Survey 
has not been truly taken. 

" ‘We have before stated, that in the measurement of angles, a 
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certain correction is allowed in practice, to obtain the result of the 
Theorem, which forms the basis of the work, so also in the 
measurement of Chain lines, a correction is necessary to meet 
the errors, that notwithstanding the greatest care, will occur. 
In actual practice the columns of latitude and departure will not 
balance exactly, for inaccuracies must arise from observations 
and chaining in the field, which no care could obviate. To adjust 
these differences, previous to defining the meridian distances, the 
rule is, that should the discrepancy amount to one-fifth of a Pole or 5 
Links for every station, it will be clear an error has been made 
in the field measurements, which must be discovered by a re- 
survey. When differences, however, are within these limits, the 
amount of error allowed is 1 Link in 10 Chains, additive or 
subtractive from the sums of the Northings and Southings to 
correct the latitude, and fromthe sums of the Hastings and Westings 
to correct the departure. 

This error must be apportioned among each of the distances of 
the Survey by the following proportions, viz. : 

As the sum of all the distances is to the whole error, so is each dis- 
tance to tts correction. 

This must be done for the latitudes and also for the departures, 
and is entered in a column appropriated to each, called the North 
and South correction, and the East and West correction; the 
correction, thus determined, must be placed, collaterally, with 
the distance to which it refers, without distinguishing as to North, 
South, East or West. 

Having found the several corrections for each of the latitudes 
and departures, add them together severally, and see whether 
their total agrees with the whole error, and if so, proceed to allot 
the corrections. If the error be an excess of Northings, subtract 
each correction from its collateral Northing or add it to the 
collateral Southing; if an excess of Easting, add to the Westing 
and subtract from the Easting; the corrected sums of the 
corrected latitudes and departures will then be found exactly 
to agree. 

We here subjoin an example: 
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In the above, the error is + .14 in the South and ++ .28 in the 
West, we will now divide this error proportionately among the 
several distances, by the rule previously given, viz., As the sum 
of the distances ; the whole error :; each distance ° its particular 
correction, or . 

62.27 ; .14.:: 17.68; .040 3: 6.87: .014: :3.86: .008 :: 14.68: 
038 :: 19.78 : .045, for the Northings and Southings. 

And 62.27 : .28 :: 17.68 : .080 :: 6.37 ; .028 :: 3.86: .016 :: 
14.63 : .066 :; 19.78 : .090 for the Eastings and Westings. 

It will be observed that the sum of the several corrections as 
above apportioned amounts to .14 in the Northings and Southings 
or .095 + .045 = .14 and to .28 in the Eastings and Westings 
or .124 + .156 = .28. This is the method of subdividing an 
error in theory, but in practice an approximation is sufficient, the 
proportion of error to each line being made without reference 
to calculation, the error when it is below the maximum allowed, 
of 1 Link in 10 Chains being equally divided between the two 
columns of Northings and Southings and of Eastings and West- 
ings, and generally thrown into the longest lines. The example 
given however must not be understood as a specimen of the real 
extent of correction on such small distances, we have taken ample 
figures merely to serve the purpose of illustration. 

We have omitted mentioning here the several methods given 
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in other works on “Surveying by the Traverse system” of finding 
unknown distances, by adding up the Northings and Southings, 
and the Eastings and Westings of a Polygon, and applying the 
difference of the two severally, as the latitude and departure of 
the unknown line and thence finding the Chain distance. Poly- 
gonometry as given in Hutton’s mathematics, Vol. 3, and other 
books, treat of these methods, and to them we refer the reader 
for further information. 
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CHAPTER VIII. 


Tre Mernsop or ProrrmeG sy TRAVERSE. 


TEsE differences of latitude and departure, or distances on the 
meridian and perpendicular of each station from the preceding one 
are not only applicable to the proof of fieldwork, but are sub- 
servient also to the plotting and computation of the area of the 
Survey, which will now be explained. 

All the distances on the meridian of each station from the pre- 
ceding one, North or South, and all the departures of each station, 
from the preceding one, East or West, can be referred to the 
meridian of the first station or starting point of the Survey, viz., 
station A. For instance, on the meridian of A, (Fig. Page 265) 
for the line AB the distance North is Ab and the departure East is 
6B; on the meridian of B, for the line BC, the distance South is 
Bk, and the departure East is KC ; deduct the distance that B is 
North of A, from the distance that C is South of B, and we obtain 
the distance that C is South of A, or Bk — Ab= Ac; im like 
manner add the distance that C is east of B, to the distance that B 
is East of A, and we obtain the distance that C is East of the 
meridian of A, or kC -+- 5B = cC. 

Again, on the meridian of C for the line CD, the distance North 
is C/, and the departure East is 7D, deduct the distance that C is 
South of A, from the distance that D is North of C, and we obtain 
the distance that D is North of-A, or C/ —- Ac = Ad; in like 
manner add the distance that D is Kast of C, to the distance that C 
is Kast of A, and we obtain the distance that D is East of the 
meridian of A, or /D + cO = dD. 

On the meridian of D, for the line DE, the distance North is 
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Dm and the departure West is mE, add the distance that E is 
North of D to the distance that D is North of A, and we obtain 
the distance that E is North of A, or Dm-- Ad = Ae; also, 
deduct the distance that E is West of D from the distance that 
D is East of A, and we obtain the distance that E'is East of A or 
aD) — mK, = eH, and so on all round the figure until arrived back 
at A, when the distance that A is North of J, the preceding 
station, deducted from the distance that J is South of A, or Aj — 
Js, and the distance that A is East of J, deducted from the distance 
that J is West of A, or jJ — 8A will leave no remainder, proving 
that the calculation has been correctly made. 

The line FG it will be perceived crosses the meridian of A, in 
this case, it is only necessary to deduct the distance that F is East 
of A from the distance that G is West of F, to obtain the distance 
that G is West of A or y¥G — F/= gG. 

To plot therefore all these station points, draw a meridian line, 
and another perpendicular to it, representing the East and West 
direction. Fix on any point on this meridian line for the station 
A, lay off with a pair of common compasses and a scale of equal 
parts the distance Ab North of A, draw a line parallel to the East 
and West line through the point 6, lay off the distance DB, East, 
and join the points A and B, we thus obtain the bearing and 
distance of the line AB. 

Next lay off the distance Ac South of A, draw a line parallel to 
the East and West line, through the point c, lay off the distance 
eC East, and join the points B and C, thus obtaining the bearing 
and distance of the line BC. 

Then lay off the distance Ad North of A, and with a parallel to 
the East and West line through the point d, lay off the distance dD 
Kast, join C and D, and we obtain the bearing and distance of the 
line CD, and so on all round the figure, observing that when the 
distances on the perpendicular are West of the meridian of A or 
starting point, they are laid off West on the plot. The reduction 
of the distances on the meridian and perpendicular of each station 
to the first station or starting point is therefore easily effected by a 
simple addition or subtraction, and may be comprised in the follow- 
ing rule. 
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Rule.—When the distances run North of the first station, add 
them one to another, until they change to South, then deduct them 
one by one until the Southing exceeds the Northing, when deduct 
the latter from the former, changing the denomination to South ; 
all distances thtn going South, are added and those going North 
deducted, and so on, until arrived back at the original starting 
point, 

Likewise in the distances on the perpendicular, when the dis- 
tances run East of the meridian of the first station, add them 
one by one until they change to West, then deduct them until 
the Westing exceeds the Easting, when deduct the latter from 
the former changing the denomination to West; all distances then 
going West are added, and those going East deducted, and so on, 
until arrived back at the original starting point. 

This method of plotting is by far the most perfect, and the least 
liable to error of any that has been contrived; it may appear to 
require more labour, than the common method by angular pro- 
traction or protraction by Bearings, on account of the computa- 
tions required, but these are made with so much ease and expe- 
dition by the help of Traverse Tables,* that this objection would 
vanish, even if they were of no other use than for plotting, but 
as we have already said, they are subservient also to finding the 
Area, and which cannot be ascertained with equal accuracy in 
any other way; when this is considered, it will be found to be 
attended with less labour on the whole than the common method. 

One great advantage in the above method of plotting is, that 
if a station be incorrectly plotted, it does not affect in the least, 
the correctness of the other stations, which is not the case when 
plotting with a common protractor by bearings or angles, where 
an error made in plotting one line is carried on through the 
series. 

* A set of Traverse Tables has been published by Mayor J. T. Boileau, Bengal 
Engineers, to every minute and degree of the quadrant, and these Tables are now in 
general use in the Revenue Surveys, we therefore refer the Surveyor to this work, in 
which he will find the method of using them fully explained and much valuable infor- 


mation regarding the application of the system to general purposes. A new edition 
of these Tables carefully revised, is much wanted, 
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CHAPTER IX. 


THe UnrversaL THEOREM. 


We must now look on the distances on the perpendicular above 
computed of each station, from the first in the series or starting 
point, as the sides of certain figures which multiplied into the dis- 
tances on the meridian between each station, will give certain 
products, from which the area of the figure is derived by an easy 
computation from the following : 


UNIVERSAL THEOREM. 


If the sum of the distances of an East and West line of the two 
ends of cach line of a Survey, from any meridian lying entirely out of, 
or running through the Survey, be multiphed by the Nortaine or 
Sournine made on each respective line; the difference between the sum 
of the Norra Propvucts and the sum of the Sourn Propvucts, suli be 
double the area of the Survey. 

To explain this Theorem, it is necessary to take the three different 
cases that present themselves separately, which are— 

Ist. When the meridian is to the West of the Polygon and 
lying entirely out of the Survey. 

2nd. When the meridian is to the East of the polygon and 
lying entirely out of the Survey. 

3rd. When the meridian runs through the polygon a portion of 
the Survey lying East and West of it. 
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Case Isr. 


When the meridtan ts to the West of the Polygon and lying 
enturely out of the Survey. 


N Let ABCDEFA be any 
polygon, NS an indefinite 
straight or meridian line. ~ 

Draw perpendiculars aA, 
bB, cC, dD, eH, fF, from 
the extremities of each side 
of the polygon, meeting 
the line NS, at a, 8, ¢, d, e, 
J, then will the distances ab, 
be, cd, de, ef, fa, be the 
meridional distances corres- 
ponding to the sides AB, 
BO, CD, DE, EF, FA. 

If therefore we multiply 
the sum of the perpendi- 
culars at the extremities of 
each Northing or ascending 

. side of the polygon by the 
meridional distance corresponding to that side, and place the 
products in one column, calling them North Products, and if we 
multiply the sums of the perpendiculars at the extremities of each 
Southing or descending side of the polygon, by the meridional dis- 
tance corresponding to that side, and place the products in another 
column, calling them South Products, then will the sum of the 
South Products deducted from the sum of the North Products be 
double the area of the polygon, that is: 

{si 3B XK ab + C+ dD x od + aD 4 EX de} 
{BF Ox be + ETSE X of + fF + od x fay} 
will be double the area of ABCDEFA. 

For, the sum of the North Products will be double the area of 
eCDEec -++ aABé, and the sum of the South Products will be double 
the area of cCBAF Eee +- aABBb. 
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But it is evident, from an inspection of the figure, that cCDEec 
— cCBAFEee = ABCDEFA. If therefore the area of aAB2, 
which is common to the North and South Products be struck out, 
we have left cCDEee — cCBAFEec — ABCDEFA, and conse- 
quently the difference of their doubles must be equal to double the 
area of ABCDEFA. - 


Case 2np. 


When the meridian is to the Hast of the Polygon and lying 
entirely out of the Survey. 


I" Let AGHIJA be any poly- 
eto Sad iz gon, NS an indefinite straight 
or meridian line. 

Draw Perpendiculars aA, 
gG, hH, tI, jJ, from the extre- 
mities of each side of the poly- 
ee gon meeting the line NS, at a, 
g, h, i, JZ, then will the dis- 
tances, ag, gh, hi, yj, ya, be the 
w----—-----~----- ------- meridional distances corres- 
ponding to the sides AG, GH, 
HI, IJ, JA. 

If we multiply the sums of 
the perpendiculars at the extre- 
= mities of each Northing or 
ascending side, by the meridio- 
(..-.------ |j nal distance corresponding to 

§ that side, and place the pro- 
ducts in one column, calling them North Products, and if we do 
the same with each Southing or descending side, and place the 
products in another column, calling them South Products, then will 
the sum of the North Products deducted from the sum of the South 
Products be double the area of the polygon, that is: 


{a x MATT xv} 
{TF ak x jo-+ ak + 9G X a + G8 + AE x gh} 
will be double the area of AGHIJA. 
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For the sum of the North Products will be double the area of 
jhHGAJ; and the sum of the South Products will be double the 
area of jhHIJ). 

But, it is evident from an inspection of the figure, that sAHIJy 
— jhHGAJj = AGHIVJA, and consequently the difference of their 
doubles must be double the area of AGHIJA» 


CasE SRD. 


When the meridian runs through the Polygon. 


The annexed figure is a junction of the two last under a common 
meridian NS, passing through the point A, and consequently 
through the polygon. 





eee ee eee fee moan Re) 


To obtain the area of this polygon, in the same manner as in the 
last two cases, it is necessary to have a set of North and South 
products for that portion of the polygon lying to the East of the 
meridian line NS, another set for the portion lying West of the 
meridian, and again a third calculation for the line FG, which, 
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lying partly to the East and partly to the West of the meridian, 
its two portions must be separately calculated. 

It will be observed that the only difference between the Ist and 
2nd cases is, that in the former, of the polygon lying to the East 
of the meridian, the South products are deducted from the North 
products, to obtain double the area, and in the latter, of the poly- 
gon lying to the West of the meridian, the reverse takes place, viz, 
the North products are deducted from the South products to obtain 
double the area of the polygon; this would be equally necessary 
in this polygon, but in practice, instead of having two sets of North 
and South products, one set for the portion of a polygon, lying 
Kast of a meridian line, and another set for the portion lying West 
(in cases such as this where the meridian line runs through the 
polygon) it is usual to reverse the products of that portion of the 
polygon to the West of the meridian line, and enter them in the 
same columns as the products of the portion of the polygon to the 
Kast of the meridian line, ¢.e. that all products of sides running 
North, to the West of the meridian, are placed in the column of 
South products, and ce versd, all products of sides running South, 
to the West of the meridian are placed in the column of North 
products. 
~ Two columns are thus sufficient, for if in the 1st case, the South 
products deducted from the North products give double the area 
to the East of the meridian, and in the 2nd case, the North pro- 
ducts deducted from the South products give double the area to 
the West of the meridian, and the North products and South pro- 
ducts of the 2nd case, are changed and applied as South products 
and North products in the Ist case, or ewe versd, we shall obtain 
the same result, as if we had two sets of North and South 
products. 

It only remains therefore to explain how the area is obtained of 
that portion of the polygon lying East and West of the meridian 
or on the line FG. 

Produce F/ to x and Gg to y and Gz and yF parallel to NS. 

It is evident, from an inspection of the figure, that if the area 
of the rectangle F/gy to the East of the meridian be found, and 
placed in the column of South products, it being a Southing or 
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descending side, and the area of the rectangle frGy, be found and 
placed in its column of South products, it being also a Southing 
or descending side to the West of the meridian, (supposing us to 
have two sets of North and South products) and we reverse the 
latter and place it in the column of North products in the Traverse 
Table, the line FG will have a North and a South product too, one 
product being the area West of the meridian, the other the area 
East of the meridian, but to facilitate calculation and simplify the 
work, it is better to deduct the lesser product from the greater, 
and carry the difference to the column in which the excess is. 
The same result, however, is obtained by taking the difference 
between the perpendiculars East and West of the two points, and 
multiplying it by the meridional distance corresponding to the 
line, placing the product in its proper column North or South, as 
the case may be; in the present instance it is 
gy X Fy = Area of Ffgy or South Product to the East of the Mendian 
andgGxGr= ,  faGg ,, ” »  Weat ” 
orreversed North ,, 9» Bast 9 

The difference of the two would be carried to the South products, 
the excess being South, we should obtain the same result however, 
if we take the difference between yg and gG and multiply by Fy, 
which is the usual method in the Traverse Table. 

Having now explained why these products are called North and 
South products, and also shown that the difference between them 
gives double the area of the polygon, we will exemplify how they 
are obtained by a reference to the diagram, page 276. 

We have already said, that to obtuin the area we must look on 
the distances on the perpendicular as computed from the first sta- 
tion or starting point, as the sides of certain figures which multi- 
plied into the distances on the meridian, will give the North and 
South products above alluded to, for instance :-— 

On the line AB, the distance on the perpendicular 6B, multi- 
plied into the distance on the meridian Ad, will give double the 
area of the triangle ABd, a North product, the line AB running 
Northward. 

On the line BC, the sum of the distances on the perpendicular at 
each end, or JB +- cC multiplied into the distance on the meridian 
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be, will give double the area of the Trapezoid beCB, a South pro- 
duct, the line BO, running Southward. 

On the line CD, the sum of the distances on the perpendicular 
at each end or cO -+- dD multiplied into the distance on the meri- 
dian cd, will give double the area of the Trapezoid dcCD, a North 
product, the line CD running Northward, and so on, until we 
arrive at the last product on the line JA. 

The North and South Products being then respectively added 
up, the difference between the two sums will be double the area of 
the Survey, the half of which will give the area in acres and deci- 
mal parts of an acre. 

We may here observe that in all the works in which the Univer- 
sal Theorem has been treated of, for the ascertainment of areas, the 
meridian has been assumed as lying entirely out of the Survey, but 
this is contrary to practice. The meridian of a village circuit must 
naturally pass through the first station of a Survey, at the point 
where the instrument is first set up and except in very peculiar 
figures, this causes a portion of the figure to fall on both sdes of the 
meridian. 

To assume a meridian to pass entirely out of the Survey, it is 
necessary to go out of our way, and from its extreme Easting or 
Westing to adopt a quantity greater than either, and so calculate 
the length of each co-ordinate from this assumed distance, at the 
same time that it involves the necessity of an extra calculation for 
finding the area. There is no possible advantage in this method, 
as the same result is obtained by making use of the co-ordinates 
East and West of a meridian running through the Survey, giving 
considerably less figures in the calculation and consequently less 
labour in deducing the products. 

To follow therefore the simplest and most natural course as met 
with in daily practice, must be the most advantageous, and it is not 
only so as regards the area, but likewise in respect to the plotting; 
to take the meridian passing through the first station, the 
protraction is at once easily and simply laid down, without the 
necessity of further calculation and more inconvenient lengths of 
scale and compass. 

An assumed meridian out of the Survey is still more at variance 
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with systematic precision and progress, whereas in extended 
operations many villages are plotted on the same sheet of paper, 
and where each circuit must be built on its own meridian passing 
through the first station. On the Indian Revenue Surveys, there- 
fore, the shorter and more practical method is pursued, and when 
it is considered that from 1500 to 2000 circuits are on an average 
annually surveyed by each party employed, a faint idea may be 
gleaned of the labour saved by the improvement above specified. 
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CHAPTER X. 


Tue TRAVERSE TasLe. 


Havine in the last few chapters given an explanation of the 
Traverse system of surveying from its commencement, viz.: the 
angular work and measurements in the field, to the finding the 
area of the land surveyed, it only remains to simplify the process 
which has taken some pages for explanation, by embodying the 
whole in a table for the purpose, and calculating the polygon given 
in page 276. In the adjoining table 


Col. No. 1 contains the letters representing the stations of the Survey. 


» 444,84; 
” 10 ” 


” 11 ” 
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the angles as observed in the Field. 

the corrections made in those angles, to prove them 
by Cor. 3, Theo. V., Page 10. 

the bearings of the several lines deduced as per Rule, 
Page 261. 

the distances as measured in the Field. 

the distance on the meridian between every two sta- 
tions. 

the departure of each station from the meridian of 
the preceding one. 

the corrections applied to each calculation, to prove 
the Survey correct as per Rule, Page 267 

the distances on the meridian of each station from 
the first in the series. 

the departure of each station from the first in the 
series. 

the sums of each pair of co-ordinates obtained from 
Column 11, to be multiplied into Columns 6 and 7, 
when the respective products are placed in Columns 
13 and 14. 


TRAVERSE TABLE. 


1 2 3 4 5 6 @ 7 a 8 a 9 «a 10 11 12 13 14 
J Distanceson Perpendicular | +3 Ry B 
3 1i monroe alba | ie] id | 3 
5 3 cee |sese| ee 
= 58 | # S&q i|ghes|/ s88) € q 
a3 a ; ag a ae oSS I 8 
3 | 3™ ed is E gta istes| ope] £ z 
S g 5 Sea |SSeq Sg 
&| 2 F 3 2 PEMEEEEP ang 
8 = 2 £ ] a #3 a3 ;: 4 
a| <= a | 5 Bsa |Sees| 255) F B 





| 
| 


f 
F 
f 
F 


Chs. Lks. |NE & SW | NW & SE 


re 9 eee | ree 
a a ntl Ce er nel 


633 |E 642/E 6-42 
S 214] 12:60] 1902 
N 12-70 | 18-46| 31-06 
29-49| 876] 27-22 
1807 | 783] 1659 
13°38 |W 4:36] 3-47 
2283 | 9-10 |W 1346 
121 03 8-00 | 15:38] 24-48 
83 18 S 528) 575} 21-13 


270 11 
61 10 
113 41 
56 42 
237 O1 
264 21 
49 40 


boaTe Oar’ * * 
@powoss: 


Pesos > 


1440-00 a | 60°12 


| ee | 

> 

5 Half 1 
jnf 

= 
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The following simplification of the method of calculating 
columns 4, 6, 7, 8, 9, 10, 11, 12, 18 and 14 will, it is hoped, place 
the matter beyond doubt; and by comparing each given quantity 
with the diagrams, the mode of obtaining its corresponding 
result will be easily understood. 


To obtain Column 4 of the Table from Column 2. 
Given the Bearing of the line AB, 50° 12 N. E. as found by 
Astronomical observation, or otherwise. (Diagram Page 262.) 
Then, 

Bearg AB 60° 12’ +- / B270° 11’=820° 23’—180°=140° 23’ 8, E. or Bearg BC 
» BO140 23 +4,,C 61 10201 33—180= 21 33NE. or ,, CD 
» OD 21 88 +,,D113 41135 14-4+-180=—315 14N Wor , DE 
» DE3I6 14 +,,E 66 42=871 66—180=191 568. W. or ,, EF 
» EF 191 56 -+-,,F 237 01==428 57 —180 248 578.W. or , FG 
» FG248 67 -+,,G 264 21=513 18 —180=333 18N.W or , GH 
» GH333 18 +,,H 49 40-382 68 —180=-202 58S.W. or , HI 
» HI 202 68 +,,I 121 08824 01—180=—144 01S E or , IJ 
» IJ 144 01 +,,J 83 18227 19—180= 47 19N.E or ,, JA 
» JA 47 19 +,,A 182 58-230 12—180= 50 12N.E or , AB 


To obtain Columns 6, 7, 8 and 9. 
Rule.—As Radius : Distance : : Cosine of Bearing : Latitude and 
:: Sine of Bearing : Longitude or Departure. 
Latitude == Distance x Cos. Bearing ; or 
Departure — Distance » Sin. Bearing. 
See Diagram, Page 265 

Iane AB Lat A’—= AB Cos A Long. 6 B= AB Sine A 
, BC , BE=BC , - » &C=B , B 
» cD, CZ=cD , » €D=CD , Cc 
» DE , Dm=—DE ,, » mE=DE , D 
» EF , En=EF ,, » #n FoEF , E 
» FG , Fy=Fe6 ,, » yG=Fé , F 
» GH , Gp=—GH ,, » pH=GH , G 
» HI , Hg=HI ,, » gi=HI , H 
» 0D, lr=VW , » ri=V , I 
» JA , FaeoJA ,, » s8@AJA , JF 


Example of Columns 6, 7, 8 and 9. 
On the Line AB given, Bearing N. E. 50° 12’ Distance 8.35. 


HHH ee eg at 


Coste Sine. 
Bearing 50°12’ 9 806254 9°885521 
Distance 835 0 921686 0 921686 


727940==5 84 Lat  °807207=—=6 41 Dep. 
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The above example by Major Boileau’s Tables, (See Note, Page 


272.) 
Bearing 60°12’ 
Distance 8,35 


9 


” 


BC 


cD 


DE 


GH 


HI 


IJ 


JA 


t67°e. 
5°12 800 615 
18 30 23 
"04 B sens 03 
5 34 6°41 


To obtain Column 10 from Columns 6 and 7. 
Line AB Dist. on Merd. of Ato Bor AZ=N 5 33 
” B ” C ” BA=S 747 


S 214 Diff. 
»  C,,D,, CON 1484 


N1270 ,, 


” 


” 


” 





D,, E,, Da=N 9°79 





N 22 49 Sum 
»  E, F,,En=8 442 


N 18 07 Diff , 
»  F,G,,Fy=8 469 ( 


N 13 38 
¥y G,,H,, Ga=N 946 


"t 





N 22 83 Sum 
” H,, I ,, Hg=S 1483 ,, 
N 800 Dif } 


1, J,,Ir=S 1828 ,, ( 
S 628 


ae P 


am J, A, Je=N 528 ,, t 





0 00 


Line AB Departure of Ato Bor 3B=E 6 42 


” 


” 


BC 


cD 


DE 


EF 


FG 


” 


ed 


” 


» By Cy» W=E 618 


Distance on Mendian of A 


to O or Ac 


thi 
of Ato D or Ad 


” ” 


99 
of A to E or Ae 


” 
of A to F or Af 


” ” 


of Ato G or Ag 
” thd 

of A to H or AA 
3 ” 


of A toI or At 


” 


? 
of A to J or Ay 


To obtain Column 11 from Columns 8 and 9. 


E 12 60 Sum = Dep. of A to € or c€ 


» Cy Dy, D=E 586 











E1846 ,, 4 
» D,, E,, mE = W 9°70 

E 876Dif. ,, 
» Ey F y #sF = W 0:93 

E783 ,, ” 


» F,G ,yG= W 1219 





» A, D,, dD 
» A,E,, oE 
» A, F,, fF 


” A 3 G 9 gG 
[PART III. 


» 285 


Line GH Departure of Gto H or pH = W 474 


W910Sum , , A, H,, AH 
9? HI ” 9 H ” I ” gl — W 6°28 


W 15°38, » »y Ay, oI 
” WJ ” 9 I ” J ” rl =E 9°63 


W575Dif, 4, 5» Aydt, 90 
” JA ” ” J,,4,, 3A —E 675 


0°00 








To obtain Column 12 from Column 11. 
Line AB Departure of Ato Bor $B = E 6°42 


‘ A,B, b=E 642 
Lin BC ” 93 t ] ” 
. ” ” A »” Cc rT) cC — E 12°60 


E 1902 Sum of Co-ordinates. 











Line OD AD aD = B16 
E 31°06 

Iane DE id » A, D,, dD = E 18 46 
» » A, E, eh=E 876 

E 27 22 





Line EF ” 93 A, E,, eE = E 8 76 
” » A, F, fF =E 783 


E 16 59 


i ) A, F fFx=—E 783 
Line FG | yO AG, 9G = W 436 


E 3-47 Dnff 


Departure of A to G or gG= W 436 
” » A, H,4H=—W 910 


W 13 46 Sum of Co-ordinates. 


HI ” , A, H,AH—W 91 
= ” » A, I yt =W 163 


W 24 48 


I ” » Ay I, =W 1538 
" { » And yy =W 575 


= W 21:18 
» JA ” » Ay Jd fo =W 576 








Line ax | 
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To obtain Columns 13 and 14, from the multiplication of Column 12, 


anto Columns 6 and 7. 
North Prod. South Prod. 
N.E.&8.w. |N W.&S.E. 


Line AB bB x bAorN 642 XE 533= 3842 - 


» BC |4B+C xb, 8 1902KX E 747= _  ,, 14 20 
» CD |C +4aD x ad, N3106X E 1484= 4608 6 
» DE |@D+cE xX &, N2722K E 979= 2668 = 
» BF |}eE+/F xf, 8 1659K E 442= , 7°33 
» FG* fF —g@ X fg, 8 347XE 469= ” 1°68 
» GH |\g6 + 4H xX gh, N1346X W 9456= =, 1271 


» HI |AKR+sl x Mt ,, 8 2448 xX W 1483 = 3629 2 
» UW |l +7 xy , 8 2113 xK W 1328 = 2806 - 
» JA KT XgAy, N 576K W 528= _ , 8 03 


Sums 140 48 38 90 
38 90 


Diff. 101°58. Acres = double 
the area of ABCDEFGHIJA. 





Consequently 


(3B XK BA + C0 + dD X od + dD + cE X de + AH $l X A 4 ty X 9)— 
(BB 0 x bo EFEX of +f F — 96 X fy + 9G + AH X gh +53 +A) 
== Double the area of the figure ABCDEFGHIJA, Page 276 

‘We have now endeavoured to explain the Traverse Table, and 
though all the operations which have been given at length for the 
sake of explanation appear laborious, they are performed with 
the greatest facility, the whole with the exception of Columns 6, 
7,8 and 9, being obtained by a simple addition or subtraction, 
and Columns 18 and 14 by multiplication. Such is the traverse 
system of surveying, and to use Mr. Adams’} words “ the superior 
accuracy and ease with which every part of the process is per- 
formed, cannot, it is imagined, fail to recommend it to every 
practitioner.” To apply the system in practice will form the 
subject of other Chapters. 

* The Co-ordinates here changing from East to West, or crossing the Meridian of 
Station A, the dference between the pairs instead of the sw 1s taken, by which means 
the area of the Parallelogram Fr Gy, 1s properly balanced, the portion lying to the 
West of the Meridian of A, bemg cancelled by a portion on the East sido, leaving a 
difference in favour of the latter, and which accordingly remaining East, and multiphed 
by a Southing, forms a South Product. 

+ Geometrical Essays by George Adams, 1818. 





[PART Im. 


CHAPTER XI. 


THE STRENGTH OF A REVENUE Survey EstaBLisHMENT, AND 
DETAILED DUTIES OF ITS COMPONENT PARTS. 


Tux Establishment of a Revenue Survey is regulated according 
to circumstances and the requirements of the Government, but in 
general they are confined to two grades, a double and a single estab- 
lishment. In the North-Western Provinces, where the completion 
of the settlement was deemed of great importance, the strength 
under each Officer was of the former character and consisted of the 
following persons, viz. : 


Revenue Surveyor, .. .. .. «- 1 
Covenanted Assistant, .. .«. .. .. 1 
Sub-Assistants, .. .. o- a 7 
Native Assistants or Mootenddies, .. 2to 30 


Tindals, Classies, or Measurers,.. .. 170 to 200 
Khusrah, fixed Establishment, .. .. 6 
Guard, .. wee ee 16 to 2 
And for which ¢ a ‘fixed sanaat’ mdximum sum was granted under 
the four leading heads, viz. 


Rs. 

Surveyor and cai @ 7268, 712 
Assistants, .. .. .. ee 18,680 
Native Establishment,* ~. .. 13,980 
Field Guard,.. .. .. 1. «. 1,152 
Total per Annum ‘‘''"* 37,524 





The several parties which have been brought into Behar and 
Bengal and are now employed, have been kept up to this strength, t 


* Includes one Native Doctor now attached to all Surveys. 
+ All the Bengal Surveys are now on the Lower or Single strength, July, 1854. 
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but those which have been appointed for Bengal as have been 


invariably of the single strength, viz. : ' 
Revenue Surveyor, .. .. «.- .. 1 
Sub-Assistants, .. woe 5 
Native Assistants or Mootsuddies, os 22 


Tindals, Classies, or Measurers, .. .- 120 to 150 
Khusrah, fixed Establishment,.. .. 4 
Field Guard, .. .. -. 5to 9 
And for which the flowing 1s the annual maximum grant 
sanctioned by Government, viz. 


Surveyor and anne @ 726 8, 72 


Assistants, .. .. .. .. «. 11,556 
Native Establishment,* .. .. 10,569 
Guard. 44. 0%. 66. As? SN ee 450 

Total per Annum, ...... 31,287 





Within this sum therefore the Surveyor is permitted to adapt 
his Establishment to the emergencies of his work and the seasons 
of the year. During the active period for field operations, 
generally averaging 7 months in the year, a full complement of 
Classies are kept up, and the monthly expenditure may be in excess, 
of what the total sum divided by 12 would yield, but this is 
balanced by extensive reductions during the recess months; the 
great body of the Classies are then discharged, and others put on 
half-pay, and for this reason an annual, instead of a ‘monthly 
maximum, is sanctiored ; this is, likewise controlled by the head of 
the department whose audit of the monthly bills is essential before 
they are passed on to the Civil Auditor. 

The usual salaries of Assistants and Sub-Assistants are as 
follows : 

Assistant Surveyor, in charge, .. .. 3888 
Assistant Surveyor .. .. .. .. .. 200 to 350 
Senior Sub-Assistant, .. .. .. -- 200 
Sub-Assistant 2nd Class,.. .. .. «+. 15010175 
Sub-Assistant, 3rd Class, .. .. «- 100 to 125 
Sub-Assistant, 4th Class,.. .. -- ++ 75 to 100 


* Includes one Native Doctor now attached to all Surveys. 
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And the general time of Service required to entitle Assistants to 
the higher grad& is, 


After 25 years’ service, .... .......Rs. 850 per mensem. 


20 ,, i. Ganesan seee 93 800 % 
15 9” 33 eetseneeveen 93 250 *? 
10 3 99 ®exrevnecnvseet? 33 200 3 


At the general conference at Allahabad in 1833, of all the old 
Officers employed in the department, which was likewise attended 
by Lord William Bentinck, the Governor General of India, it was 
agreed upon that with the single establishment, which up to that 
period had never been increased, an area of 1,000 square miles, of 
topographical Mouzawar survey per season could be effected, provided 
the average size of the villages was 1} square miles, or 8000 acres, 
and by a systematic arrangement of the various duties of each 
person employed, this quantity of work has generally been got 
through under even less favorable circumstances than villages of a 
square mile average. In 1837, the Sudder Board of Revenue, 
N. W. P., brought forward the new scheme of the double establish- 
ments, with a view of exacting 3,000 square miles per annum, but 
although this enormous extent of work has been approximated, by 
several of the old North-West Surveyors, it has been rarely attain- 
ed, and in the complicated districts of Bengal, with small villages 
of scarcely more than ha/f a square mile each, cannot possibly be 
either expected, or (with reference to general accuracy) be 
desired. 

The general duties of a survey establishment are divided into 
two grand heads, viz., Field and Recess. The Field season is sup- 
posed to commence in October, and continue until the Ist June, 
though in Bengal, it is difficult to commence active operations be- 
fore the 15th of November, at the earliest. During this period, 
the sole object is to prosecute the survey operations to the best 
advantage, devoting only such time to the elements of the compu- 
tations, as tend to leave no doubt as to the accuracy and entire 
confidence in the Field observations ‘and measurements. The 
remainder of the year from June to November, when camp life 
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must be exchanged for cantonments during the periodical return 
of the rainy season, the full attention and zealots industry of every 
individual is demanded in perfecting the maps, registers, and 
innumerable calculations: and although, the nature of the Field and 
Recess business differs materially, yet it is difficult to say which is 
the most trying and irksome; generally speaking perhaps, the 
Field is preferable to the office duty. 

On commencing active operations the survey establishment is 
divided into as many separate working parties as the strength will 
permit; generally from three to four independent camps or divi- 
sions are formed, each being placed under the charge of a compe- 
tent European or East Indian Assistant, with such proportion of 
chain or surveying parties as the means available admit of. A 
Senior Sub-Assistant should be competent to superintend and 
systematically work 4 Boundary Assistants and 3 Interior or 
Geographical detail Surveyors, and such a party will be able to 
survey about 120 villages, or from 60 to 70 square miles 
per month. 

The Sub-Assistant conducts the Survey of the main or 
Pergunnah circuit, observes the angles and records them with the 
distances of the station lines in the Field book; it is his duty to 
arrange the whole of the smaller or village circuits for the Native 
Sub- Assistants, and to examine and compute the data furnished by 
these boundary Surveyors, to protract the work and see if the 
offsets have been properly taken, and to check the azimuth extend- 
ing from village circuit to circuit, and make it accord with the 
true azimuth of the main circuit at every point at which a junction 
is proved. He must regulate likewise the filling-in, of the Geo- 
graphical details of every village circuit, and guard against any 
error in the proceedings of the native Surveyors who perform this 
duty, taking especial care that the magnetic variation of the 
compass used for this purpose is properly adjusted to the true 
meridian and the bearings laid down on the Field map accordingly. 
It is the duty of this Officer also to compare the external boundary 
of the village map with the Thdkbust or Settlement Officer’s 
demarcation map, and to make an immediate report of any dis- 
crepancies which may appear, and when the measuring Aumeens 
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are engaged in the Sub-Assistant’s Division he has to test their 
work in the Field, and control and check any abuses which may 
come to his knowledge ; he has likewise to render an account of the 
progress of the survey, and to see that a due amount of daily Field- 
work is produced by each chain party under him, and he is 
strictly responsible for the accuracy of every portion of the work 
within his own division, which must be duly attested, before it 
is sent on to the Superintending Officer. 

The Native Sub-Assistant in charge of a Boundary party 
surveys all the village circuits, within the main or Pergunnah 
circuit, observes the angles with the Theodolite, keeps the Boun- 
dary Field-book in English and enters the offsets. On the close of 
each day’s Field labor, or as soon as a convenient quantity of work 
is completed, he forwards the Field-book to the Sub-Assistant, who 
extracts all the data for making, or as it is termed putting up, the 
traverse. The Boundary Surveyor also immediately reports any 
difference he may have observed between the Zhéks or mud pillars 
and other marks actually existing in the Field, and the sketch map 
furnished by the Settlement Officer. 

The interior detail Native Sub-Assistant surveys all the Geo- 
graphical details within each village circuit with a Prismatic or 
common surveying compass and chain, such as the village sites, 
rivers, nullahs, jheels, roads, temples, &c., sketching in large tracts 
of jungle or waste, and recording the Mofussi/ name of each village 
site. Being furnished with a drawing board and T square with 
the exterior lines of the village circuits protracted thereon, the 
boundary on any particular line can easily be re-surveyed by this 
individual or any disputed piece of land laid down according to the 
decision of the local authorities. The interior Native surveyor 
also is available for collecting statistical information from the 
village authorities and zemindars such as the number of Houses, 
ploughs, head of cattle, the soil, crops and harvest; and in cases 
were the Khusrah Aumeens do not extend fheir measurements to 
such villages, this plan may be followed with advantage, although 
it may be the means of delaying the detail survey a little. 

A Boundary chain party consists of the following individuals, 
whose special duties will be remarked on in the sequel : 
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Native Assistant Surveyor ....+..+...... 1 


MiNGal 4 Jos ycatecsnasew asks imeseinieese. Ul 
Chainmen........csccccecces ese aleiwelee 3 
Flag-footers .......00005 icge Gurwen ieee 4 
Offset-man ...ccceccecse sees eweaeae’ oh 
Instrument carrier ........ ieteiwuates 1 


Total ...... 11 


This number is absolutely required for the effective prosecution 
of the survey, in addition there is generally a Police Burkundauze 
or Peadah from the Settlement Officer attached, to cause the attend- 
ance of the parties concerned on both sides of the boundary, and to 
prevent complaints and demands for Russud or supplies. The in- 
terior chain party requires only 8 men, which is ample for the 
nature of the survey and the instruments employed. 

The duty of the Revenue Surveyor is to exercise a general super- 
intendence over the whole establishment, and to direct the com- 
bined Professional and Khusrah operations in such a manner that 
accuracy and despatch may be preserved, and at the same time 
that neither should be unduly sacrificed to the other, he must regu- 
late his progress so as to keep his expenditure within the maximum 
allowed sum. On him devolves the chief and must important point 
of laying down tL true meridian by Astronomical observation, and 
of testing the same in various parts of his work, and thus satisfying 
himself that the azimuth conveyed ‘rom main circuit to main cir- 
cuit does not deviate from its true inclination beyond the allowed 
error. He should be constantly on the move, visiting each Sub- 
Assistant’s camp, rendering advice and assistance in cases of diffi- 
culty, and examining into the state of the work as it progresses 
step by step, taking especial care that the calculations to the extent 
of the proof items are fully brought up and keep pace with the 
Field-work. He should have a thorough knowledge of his district, 
and be thus able to check any glaring defect in the delineation of 
the Geographical features of the country; in fact, as the respon- 
sible agent, it should be the aim of this Officer to maintain such a 

tic and methodical course, that his own, (and all his subor- 
dinates’) professional character may be secured. 
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Another great and important point in the duty of the Surveyor, 
as well as his Assistants, is to keep all the instruments in a proper 
and efficient state, and on all occasions to see that they are in per- 
fect adjustment. The most liberal supply of the very first rate 
instruments is granted by the Government, and as the wear and 
tear on a Revenue survey is very great, too much attention cannot 
be paid to the subject. "With such a proportion of Native agency, 
it may be imagined that a Theodolite employed daily for six 
months in the year, subject to all weathers, must suffer in some 
measure, and, unless looked after, will soon get out of order. On 
the character and capability of his instruments, the value of a 
Surveyor’s labors must in a great degree depend. It is therefore 
essential, that as often as the occasion demands, a Theodolite should 
be carefully cleaned ; the limb should be dusted with a fine camel- 
hair brush, and periodically, on the close of a Field-season, the 
graduated silver limb should be gently washed with soap and water, 
and then cleaned with a piece of old silk, some fine olive oil, and a 
little lamp black, freshly made and free from grit—the best oil for 
the axis is goose or duck fat. All instruments damaged, or worn 
out, and requiring repair, are sent to Calcutta during the recess, 
and put into efficient working order, or exchanged in the Mathe- 
matical 'nstrument Maker’s Department, and returned in time for 
the ensuing season’s work. 

In addition to a full complement of Classies or Measurers for 
each Sub-Assistant and Nativ: Surveyor a considerable number of 
men of the same class are required for preparing the station lines 
preparatory to survey; this preliminary duty is most important, 
and requires much time and skill in its efficient performance, and 
without all the stations are so marked out ready for the survey 
party, the valuable time of the Sub-Assistant would be lost, and an 
undue cost thus thrown on the work; frequently there is a vast 
deal of jungle to be cut through, occupying a line-cutting party 
several weeks; distinct sets of men are told off for the main circuit 
and the village circuits. 

Main Circuit Ine-Cutters are employed in preparing the station 
points of a survey on the exterior of a Pergunnah or other tract of 
country, and their method of proceeding is as follows :— 
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The Tindal (selected from the most expert and intelligent of the 
Classies) is accompanied by a Classie, sometimes two, and receiving 
his orders to start from a given point on the exterior of a Pergun- 
nah, generally where three Pergunnahs meet, plants his first 
station at the tri-junction ; he does this by means of a bamboo peg 
about a foot long, which he drives firmly into the ground, leaving 
about 2 inches of it above the surface, and round which he cuts 5 
trenches, as shown in Fig. 1, Plate V.; these station points are 
called Pergunnah Triple-boundary Statins; this done, he stands 
over the peg, holding a flag upright, and directs his Classie to 
proceed on along the boundary of the Pergunnah, until he comes 
to a spot where three villages meet, he there plants another peg, 
and marks it as shown in Fig. 2, Plate V.; these points are called 
Village Tryple-boundary Statons. 

Should the offsets to the boundary between these two station 
points be too great, or exceed five chains on each side of the line, 
(which can easily be ascertained by the direction of the bamboo 
marks or mud pillars erected to mark the boundary line, and which 
is invariably done previous to the survey commencing) interme- 
diate station points must be planted in such a manner that the off- 
sets on each line may be brought within the above limit, all these 
intermediate stations are marked as shown in Fig. 38, Plate V. 

To enable the Tindal to ascertain the names of the villages, &c., 
to his right and left hand as he proceeds, and to ensure his keeping 
on the boundary of the Pergunnah, he is furnished with a general 
Perwannah, on the different Zemindars, to give such information 
and assistance as may be necessary. The Tindal proceeds in this 
manner, running a series of stations all round the Pergunnah, 
keeping it to his left hand, marking where the exterior Pergunnah 
c s by cutting five trenches, every village triple-boundary by 
three trenches, and every intermediate station by two trenches, until 
he arrives back at the point he started from; near each station, a 
bamboo with a wisp of straw is generally planted in the ground, to 
enable the Assistant when surveying the main circuit, as this is 
called, to see the direction of every succeeding station, and thus 
prevent any delay in finding them when in the Field. 

The duties of the Village Line-cutter are exactly similar to those 
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of the main circuit line-cutter, with this exception, that, whereas 
the main circuit line-cutter does his work by main or large circuits 
of Pergunnahs, the village line-cutter does his by smaller circuits 
of villages, contained within the main circuit, making use of all the 
triple-boundary stations of the former, on the main circuit, as s0 
many points for closing his own work on; he proceeds thus :— 

He takes any village triple-boundary station on the main circuit 
as a starting point, and keeping the village to his left hand, he 
sends his Classie forward along the boundary, until he comes to a 
spot where three villages of the Pergunnah meet, including the one 
he is preparing the stations of, he there plants a station, cutting the 
trenches as in Fig. 2, Plate V., and filling up between the two 
points with other stations should the offsets on each side exceed 
five chains. 

Thence the Classie proceeds along the boundary, still keeping 
the same village to his left hand, until he comes to another triple- 
boundary, marking it and filling up intermediately as above, he 
continues on until he arrives on the main circuit again, at a diffe- 
rent station from where he commenced, here he closes his work on 
the main circuit station, as all the stations between his closing one, 
and the one he started from have been already prepared by the 
main circuit line-cutter. 

Having thus completed the stations for one village, he com- 
mences again on either a triple-boundary of his own work just 
prepared, or again on a main circuit triple-boundary, and keeping 
the village to his left hand, he proceeds round it, until he comes 
upon @ main circuit triple-boundary, or one of his own interior 
village triple-boundaries, where he again closes his work, as the 
intermediate stations, between where he started and where he has 
just closed, if the main circuit have been prepared by the main 
cirouit line-cutter, and if of interior village circuits, they have been 
prepared by himself; he thus proceeds with every village within 
the Pergunnah until the whole of them are prepared in the manner 
described. 

Should the Pergunnah be large, consisting of 150 or 200 vil- 
lages, it is usual to send three or four parties, to prepare the village 
stations, subdividing the Pergunnah equally amongst them, and 
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starting them from opposite sides, in such a manner, that they 
may all meet at the closing of their work, when no confusion will 
take place, in their taking one another’s stations to close on. 

Main circuiis can also be subdivided in the same manner, by 
starting the line cutters from various Pergunnah triple-boundary 
points, on the exterior of the Pergunnah, and directing them to 
proceed on, keeping the Pergunnah to their left hand, until they 
come to the next Pergunnah triple-boundary, when if another 
line-cutter has started from thence, he will find it out, by seeing 
the station point already prepared, and on which he must close his 
portion of the main circuit. 

Village line-cutters are always supplied with a list of villages 
within the Pergunnah of which they have to prepare the stations, 
and they are furnished with a Perwannah, on the various Zemin- 
dars within their track, to obtain such assistance and information 
as may be necessary to prosecute their work. 

Line-cutters’ duties are very troublesome and laborious, for they 
act as pioneers and prepare the country for survey, and have many 
difficulties to overcome, not only from the nature of the country, 
but from the delays caused by the non-attendance of village 
authorities, and the difficulty of procuring the information they 
require to enable them to carry on their work; they are generally 
in consequence paid a higher rate than the Classies, or from 5 
to 6 Rupees per mensem. 

Chainmen are employed in measuring the distances between the 
station points as above prepared by the line-cutters; two men 
drag the chain, and a third is necessary to hammer the pin in and 
stand by it until the rear man comes up, this leaves a durable 
mark on the ground, and precludes a chance of miscalculation, 
should the arrow be disturbed by the chain—for the method of 
measuring chain lines and keeping the accounts of them see page 
84. 
Offset-men.—Their duty is to measure the offsets from the chain 
line to the boundary, and for which purpose they are provided 
with an offset rod of 20 links in length, generally made of a light 
bamboo—directions for its use and of the cross staff will be found 


at page 84. 
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Flag-men are supplied with light bamboos, about 20 feet in 
length, and shod with an iron spike (Fig. 4, Plate V.,) surmounted 
by a small triangular black, or red and white flag, (Fig. 5, Plate 
V.,) according to the fancy of the Surveyor; theses bamboos are 
held perfectly upright on the several station points, prepared by 
the line-cutters, and on them the surveyor fixes the cross-wires 
of his Theodolite to obtain his angular observation. 

Plummets are sometimes used, attached to the bamboos, to 
ensure their being held quite perpendicular, but they are trouble- 
some and inconvenient; it is quite sufficient for the flag-man to 
place the iron spike of the bamboo on the centre of the bamboo 
peg at the station point, keeping the latter between his feet and 
holding the bamboo with both hands about the height of his 
chest, and in a line with his nose (Fig. 6, Frontispiece,) his front 
being turned towards the Surveyor. 

Three flag-men are sufficient for one Theodolite, but with a 
practised and expert Surveyor four are necessary to prevent delay ; 
their method of proceeding is as follows :-— 

The Surveyor having fixed his Theodolite on his starting station. 
point, sends one man to the back station, and one to the forward 
station, keeping the third with himeelf, or at the station where his 
Theodolite is planted; having taken his angular observation, by 
any of the methods shown at page 117, the flag-man standing by 
him, waves his flag to the right and left, when the man at the 
back station, understanding this as his signal, comes up to the 
station where the Theodolite was and relieves the flag-man there, 
who runs on and relieves the flag-man at the forward station, who 
in his turn proceeds on to the next station. 

All these reliefs are made whilst the Surveyor is engaged 
measuring the distance between the two station points, so that 
on. his arrival at the end of the chain line, the flag-men are again 
in their proper position, to enable him to observe his second angle, 
and thus no time is lost. 

The flag-men thus continue on from station to station, relieving 
one another, until the circuit of the village is completed. Flag- 
men should be light, smart, and active men, and well trained to 
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running, for much time is sometimes lost by the Surveyor in 
having to wait for the forward flag-man reaching his station. 

Instrument carriers, are for the purpose of carrying the Theo- 
dolite or compass from station to station. They are supplied with 
a leather sling belt, (Fig. 7, Frontispiece,) ending in a socket, 
into which the feet of the Theodolite stand, when closed up, are 
introduced; this sling belt bears the weight of the instrument, 
and should therefore be made of sufficient strength for the purpose, 
the instrument is kept steady and upright by holding it as shown 
in the figure. 

Instrument carriers or Theodolite men, as they are generally 
called, should be selected from the strongest and most careful of 
the Classies, for it is no easy matter to carry a Theodolite about 
all day fixed on its tripod stand. 

The instrument box is strapped over the shoulders, like a knap- 
sack, and is slung, so that the Theodolite is always carried in an 
upright position (Fig. 8, Frontispiece.) These boxes being ex- 
posed to the sun the greater part of the day, should be well 
protected with a cloth cover wadded with cotton; a five or six 
inch Theodolite can be carried about the whole day by one man, 
but a 7 inch requires two men to relieve one another. 

These men should be taught to carry the instrument, so as not 
to jerk it by the motion of the body, and to be careful in avoiding 
going under trees, as very often a stray branch is liable to knock 
the instrument off its stand, for which reason a Surveyor should 
be careful after every observation to see that the spring clamp 
which retains the instrument on its tripod (as described in page 
114,) is secure. 

The remaining Classies are employed in carrying the T square 
and board, the Cross-staff, &c., their duties requiring no particular 
notice. 


[PART IIL 


CHAPTER XII. 


Tor CoMMENCEMENT AND EFFECTIVE PROSECUTION OF A 
REVENUE SuRvEY. 


On the proper division of labor depends the successful progress 
of a Survey; duties once told off, should be adhered to for the 
season’s operations; if a Surveyor is continually changing the 
duties of his establishment, he will as surely get his work into 
confusion, and delays and consequent check will be the result. 
Some system or method must be observed in disposing of a large 
establishment to the best advantage, and by a judicious distribution 
of the proportion of European to the Native establishment, and 
suitable localities of the Head-Quarters of each camp or party, the 
allowed means are turned to the best account. 

It must not, however, be supposed that every Officer superin- 
tending a Survey, observes the precise same system of carrying out 
the details of his work. 

The profession of a Surveyor above all others affords the most 
ample scope for ingenuity of practice, and it will generally be 
found that every Surveyor has peculiar methods of various practical 
sorts by which he believes his operations are benefited; we shall 
therefore endeavour to explain in the following pages, the leading 
principles of our own experience combined with the knowledge of 
that of several contemporaries. 

On the Revenue Surveys in India the Surveyor is not merely 
dependant orf his own resources. he has to look to the proceedings 
of another and distinct establishment, that of the Civil or Settle- 
ment Officer, to be supplied with a sufficient quantity of work, and 
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without the proper adjustment and preparation of boundaries by 
this functionary, no Survey can proceed. This is explained at 
length under Part IV. of this Book, treating of the important divi- 
sion of all Revenue proceedings, the Hhusrah or Native Field mea- 
surement. 

In the first place it is advisable to obtain, if possible, a map or 
sketch of the district coming under Survey, and by getting a bird’s 
eye view of the country, to decide where the Surveyor should 
commence, and how and in what direction he ought to proceed so 
as to keep his work compact; he must settle at once the spot where 
his first meridian line is to be laid down, and note the different 
localities where he will test his meridian as he proceeds. 

Some months previous to taking the Field, he will communicate 
with the Settlement Officer, and make all necessary arrangements 
with him for the progress of the combined operations of both Pro- 
fessional and Khusrah Survey. ‘fhe Pergunnahs or other divisions 
to be surveyed during the season, must be decided on, as well as 
that portion of each Pergunnah, on which the Survey operations 
are to commence, the number of Thakbusts of villages, or demarca- 
tion papers, required monthly must be settled, as well as the num- 
ber of villages requiring measurement by Khusrah. All prelimi- 
naries must be arranged prior to taking the Field, and there should 
be such an understanding between the Surveyor and Settlement 
Officer as may prevent all hindrance to the progress of the work ; 
the object of both should be to co-operate mutually with each other, 
and so overcome all difficulties that may present themselves. 

The season’s work being thus, as it were, set in order, about a 
month previous to the establishment taking the Field, the main 
circuit line-cutters are sent out, to prepare the stations of the main 
circuits as shown in the last chapter. 

These men receive their orders from and are under the immediate 
control of the Revenue Surveyor, who should direct them in their 
duties, and on no account should they be interfered with by the 
Assistants or others on the establishment. For the better elucida- 
tion of the manner of commencing a Survey, we wifl suppose the 
tract of country represented in the annexed sketch, to be a portion 
of the work allotted to an establishment for the season, and the 
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different divisions, numbered 1, 2, 3, 4, &c., to consist of certain 
Pergunnahs or other local subdivisions within the district to be 





surveyed, the river to the south of the whole forming the boundary 
of the district in that direction. 

Our first object is to enclose these several Pergunnahs or sub- 
divisions within a number of station lines, with a view of obtaining 
a correct series of angular observations and chain measurements 
round the exterior of each, and which is termed a Matn circuit, the 
correctness of which being ascertained by the usual proof by 
traverse, the errors of all the minor or Village circuits surveyed 
within the main circuit are prevented from extending themselves 
beyond. The traverse calculations of a main circuit are never 
altered when once proved, and they are, together with the angles, 
bearings and distances, all applicable to the several village circuits 
in which the main circuit lines may fall. 

To prepare a circuit therefore of the kind, the main circuit line- 
cutters receive their orders as follows : 

One line-cutting party to start from A, asecond to start from B, 
a third from E, a fourth from H and a fifth from D. 

The first party starting from A, are directed to proceed along the 
northern bank of the river, keeping Pergunnah No. 1 to their left 
hand, until they come on No. 2, then to run their lines between 
Nos. 1 and 2, as far as No. 4, to continue on between Nos. 1 and 4, 
up to No. 6, or the point D, from whence the fifth party above- 
mentioned started, and to close the work on the Station D pre- 
viously made. 
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The second party starting from B, are directed to proceed along 
the northern bank of the river, keeping Pergunnah No. 2 to the 
left hand, and arriving at No. 3, to run lines between Nos. 2 and 
8, touching No. 4, continuing on between Nos. 2 and 4, until they 
come on No. 1, or the station OC, made by the first party as they 
progressed on the main circuit of No. 1, closing on the same 
station. 

The third party starting from E, are directed also to proceed 
along the northern bank of the river towards circuit No. 5, then to 
run their lines between Nos. 3 and 5, until they come on No. 4, 
continuing the Stations between Nos. 8 and 4, in the direction of 
No. 2, closing work on the station at F', made by the second party, 
as they progressed with the main circuit of No. 2. 

The fourth party starting from H, are directed to proceed along 
the boundary of No. 4, keeping it to the left Htand, noting the Sta- 
tion I, in the usual manner, as the triple-boundary of Nos. 4, 5, 
and 6, and to continue on to Station D, or the point whence the 
jiith party commenced their portion of the main circuit of No. 1, 
and to close work on that station. 

The fifth party starting from D, are directed to keep No. 1 to 
their left hand, and proceed on until they arrive at the starting 
point A, from whence the first party commenced work, noting the 
triple-boundaries of Nos. 1, 6 and 7, in their progress. 

These five line-cutting parties starting their work simultaneously, 
it is necessary, that they should take up the triple-boundary 
stations common to each other as closing points for their respec- 
tive work; for instance, the second party starting from B, at the 
same time that the first starts from A, it is necessary that the 
latter should take up Station B in their work, as they progress 
round towards C and D, the same as regards the second and 
third party, the former should take up Station E in their work, 
and so on for all of them; if they neglected doing this, there 
would be two stations at every Pergunnah triple-boundary, which 
would cause much confusion in the work. 

In the absence of a map of the district, some difficulty may be 
experienced in directing the line-cutters at first, but the Revenue 
Surveyor should endeavour, by all practicable means, to obtain a 
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knowledge of his district, either by information obtained from 
Zemindars or others, or what is better, to take a ride over it in 
different directions, and especially over the parts where his work 
is to commence, and obtain information for himself; when once 
the four or five first Pergunnahs of a district are got over, they 
of themselves show much of the boundaries of the adjoining oncs, 
and a morning’s ride or two in advance of his work, together 
with the assistance of one or two smart Tindals, sent about to 
obtain information, will soon enlighten him as to how the general 
disposition of the next adjoining Pergunnahs run. 

In the above manner, four main circuits enclosing an area from 
3 to 400 square miles are prepared at one and the same time, and 
they should be surveyed in the same way, 4. ¢. one Assistant 
should start from A, and rum the circuit ABCDA, a second should 
start at B, and run‘the circuit BEFC, closing his work on O, a 
third should start at E, and run the circuit EGHF, closing his 
work on F, and a fourth should start at H, and run the circuit 
HID, closing his work on D, and if the Assistants are at all 
expert, supposing the number of stations to average 180 per main 
circuit, the whole should be completed within a week. The 
angular observations and chain distances between two adjoin- 
ing main circuits are made common to both, by reversing the 
angles and measurements of one circuit, which are then applicable 
to the adjoining one, or in other words, that the angles observed 
and distances measured from B to C,in No. 1 circuit, by being 
reversed,* will answer for the angles and distances from C to B, 
in No. 2 circuit, and that the angles and distances from C to D, 
in No. 1, reversed, will furnish the angles and distances from D 
to C, in No. 4, and so on through all the circuits. By these 
means each circuit is made complete, and adapts itself to the usual 
proof, bringing the Survey round from the station whence it 
started, to the same point of departure again, and thus the dif- 
ference of latitude and departure of each triple-boundary is 
identical in both contiguous circuits. 

To prevent the possibility of error in the chain lines, it is an 
excellent plan and one that is generally adopted for the Assistant 


* By reversing an angle is meant deducting it from 360 ° 
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to have a Native Surveyor following in his track, carrying on a 
second. measurement of the lines in his rear as he proceeds, which 
re-measurements should be compared every evening as soon as the 
Native Surveyor arrives at the station where the Assigtant has closed 
work for the day, and any discrepancy appearing, it should be cor- 
rected the first thing the next morning by a third measurement. 

It is not necessary for an Assistant surveying a main circuit to 
take the offsets to the boundary marks, as it would cause much 
delay to his progress ; they can be taken up by the Native Surveyor 
when surveying the villages in which the several lines on the main 
circuit fall. 

As soon as the Assistant completes the survey of a main 
circuit he should forward his Field-book “of the angles and dis- 
tances at once to the Revenue Surveyor, whqse duty it is, to put 
up, calculate, and correct each circuit’; this may be considered by 
some Surveyors as the duty of the Assistants, but they have ample 
work with the village circuit survey to occupy the whole of their 
time, without being taxed with these calculations, and as the cor- 
rectness of the general work depends entirely upon these main cir- 
cuits, the Superintending Officer is the proper person to look to 
them. 

When these Field-books are sent in by the Assistant, the main 
circuit line-cutters should immediately be told off to prepare other 
circuits, so that they may have them ready for survey by the time 
the village circuits are completed within the circuits just closed. 

Whilst the main circuits are being surveyed the Revenue Sur- 
veyor should be employing himself in fixing his meridian line, that 
a correct azimuth for the work may be ready by the time the 
several Assistants close their circuits, for on the correctness of this 
azimuth rests the entire basis of the work. 

The first station to be selected for the survey, viz. A, should be 
the point where the boundaries of three Pergunnahs meet; this 
forming a point of departure for the whole survey from which the 
co-ordinate distances of all remarkable places and conspicuous 
objects are calculated, must be made permanent by building over it 
a circular brickwork pillar or platform, about 6 feet diameter, as in 


[PaRr III. 


305 


the adjoining diagram, the station being 
the centre from which the circle for the 
pillar is described; this pillar serves also 
as a good landmark from which the boun- 
dary of the three congregated Pergunnahs ' 

may easily be traced, and from which point, the ¢ true azimuth of 
all surrounding conspicuous objects, such as a mosque, temple, 
remarkable tree, village, &c., must be observed, a full description 
of the same being given in the records of the Survey with a view 
of easily identifying the station again, and leading off therefrom 
the true meridian. 

On this station, A, the Theodolite must be firmly placed,* to 
ascertain by any of the methods, as shown in Part V. of this work, 
the true azimuth *pf the first line of the survey. The Surveyor 
should not, however, rest satisfied with the azimuth of his first line 
being correct, for unless the angular observations between two 
given points, which in a distance of 10 miles would average from 
30 to 40, have been made with the greatest precision, the azimuth 
deduced through them will be erroneous, by the same quantity 
that the angles themselves are. 

The best method, therefore, of preventing any accumulation of 
error, or, in other words, of correcting the angular observations so 
as to reduce them to the usual proof, is to fix on various other 
points on the circuits, and ascertain by fresh observations in the 
same manner as at Station A, the azimuth, corrected for conveni- 
ency, of the lines measured from these points, such as at B, E, G 
F, I and D. 

By this means the error in the angular work between A and B 
is confined within those limits, ¢.e. if the azimuth of the first line 
from A is carried through the angular observations between A and 

* We recommend the following method of ensuring the steadiness of the Theodolite 
during observations ‘With a radius of about 2 to 3 feet, according to the size of the 
instrument, describe a circle on the ground, (having the station peg as a centre) by 
means of a piece of string fastened round the peg, and at the other end a small piece of 
wood, or anything that will make a mark on the ground Lay off this radius, six times 
round the circumference, making a mark at each pomt, and at every other pomt drive 
in firmly a tent peg to within a couple of inches of the surface, and rather inclining 


inwards towards the centre, on these three tent pegs, rest the legs of the munstrument, 
which thus becomes 1solated in the ground on which the observer moves 
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B, and the azimuth so deduced of the first line measured from B, 
is -+- or — the azimuth found by observation, it is evident that the 
difference between the two azimuths is the error of the angular 
work between A and B, and can be corrected accordingly. 

In the same manner the difference between the deduced azimuth 
and that by observation at Station D is the error of the angular 
work between B and D, or between I and D; in the latter case, 
the azimuth being deduced from the direction of Station I, and in 
the former from Station B. The same is applicable to the correc- 
tion of the angular observations between all the other stations, viz. 
between B and E, E and F, F and D, E and G, G and I; unless 
some system of the kind is adopted, so as to have a constant check 
on the deduced azimuth, the proof by traverse of the different main 
circuits will be very unsatisfactory ; indeed, they will eventually, as 
the survey progresses, be beyond proof altogether. "We will here 
give an instance to show how necessary it is to have such a check 
on the deduced azimuth. 
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Suppose the four main circuits, as shown in the above diagram, 
to have been surveyed according to their numbers, No. 1 first, and 
so on, and that Station A was the point on which the meridian of 
the survey was first laid down; to complete No. 5 circuit it is only 
necessary to start from Station B and close on Station C, and to 
reverse the angles and distances of the adjoining circuits, 1, 2, 3 
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and 4, to suit No. 5 circuit. If the azimuth of the work has not 
been tested in any of the circuits 1, 2 and 3, the azimuth of the 
line at Station B is entirely dependant on the correctness of the 
angular work run through these circuits. Again, if the azimuth 
of the work has not been tested in circuit No. 4, the azimuth of the 
line at Station C is dependant on the correctness of the angular 
work run through the circuit No. 4. 

We will suppose an error of 20 minutes in excess to have pra- 
dually accumulated at Station B, by the error of the angular work 
between A and B, and at Station ©, we will suppose the reverse, 
viz. a defect of 5 minutes; it must follow, if the angular observa- 
tions between B and C are made even with the greatest precision, 
that the azimuth deduced from B towards C must differ 25 minutes 
with the azimuth at C, as deduced from A; for the meridian of the 
work at B varies 20 minutes east with the true meridian, and the 
meridian of the work at C varies 5 minutes west of the true meri- 
dian, 25 minutes will therefore be the error of the addition of the 
angles of No. 5 circuit, and which must be corrected in to prove 
the angular work. As circuits Nos. 1, 2, 3 and 4 are completed, 
it becomes necessary to throw this error into the new portion or 
side of No. 5 circuit, or between B and C. Here is the commence- 
ment of error in the whole Survey, the azimuth of the work, on 
the northern part of these five circuits is, by the above correction, 
more or less, incorrect; this erroneous azimuth is carried on from 
circuit to circuit, until the whole work is thrown out by it beyond 
proof. 

The proof columns of the traverses of circuit No. 5 are added up, 
and large discrepancies are apparent, the station lines are all 
remeasured over and over again to find out the error, but in vain, 
the chain measurements are all perfectly correct, the error lies, in 
that the traverses of all the station lines between A and B have 
been calculated on a meridian, gradually increasing in error to the 
eastward up to 20 minutes at Station B, and consequently throwing 
every station more and more to the eastward of where it should be, 
until Station B itself is thrown perhaps 8 or 4 chains to the Hast 
of its proper site. 

The same as regards Station C. Every statiop between A and C, 
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is thrown gradually more and more to the west of its proper situa- 
tion, until C itself is perhaps 30 or 40 links to the West of where 
it ought to be. 

The consequence of this is, that whereas by measurement C is 
west of B, say 230 chains, by calculation it is 235 chains, this error 
of 5 chains must therefore be corrected all round, vitiating all the 
work of circuits Nos. 1, 2, 3 and 4, or else it must be crammed in 
between B and C, on the only side of the new work, and thus 
increase the difficulty when the exterior circuit on No. 5 comes to 
be calculated. 

We leave the Surveyor to act according to his inclinations in this 
dilemma, but at the same time strongly advise him to do neither, 
but to go back and re-observe his angular work, and satisfy himself 
of the cause of this accumulation of error, which will increase in 
every fresh circuit, if he does not do so. All this might have been 
obviated by a careful test of the azimuth at two or three inter- 
mediate points between A and B, and once at C itself, when the 
azimuths of all the lines between A and B would not have deviated 
more than a minute or two from the true meridian, and the error 
of the circuit (for some error there must be) would have been with- 
in the correction allowed. 

The best points to select for the purpose are the triple-boundaries 
of Pergunnahs, which form "the starting and closing points for 
other circuits, the azimuth at these points being tested, any circuit 
emanating therefrom will be sure of being started correctly. 

This method of testing the azimuth at different points is an 
excellent check on the angular work of the Assistants, for as they 
are not made acquainted with the observed azimuth at these several 
points, the error of their work is at once detected, the difference 
between the deduced and observed azimuths showing it. It is usual 
to take the magnetic azimuth of the back line when commencing a 
circuit, to ascertain the variation of the needle at starting, and to 
continue observing the magnetic azimuth of every 10th or 15th 
line on the circuit, with the view of checking any very gross error 
made in the angular work and on closing the circuit, the azimuth 
of the last line is also observed; but these magnetic azimuths can- 
not serve in any wgy in correcting the angles, for the needle is not 
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to be depended on for the accuracy that is requisite in correcting 
the angular work of the circuits. 

The usual method of correcting the angular work of main 
circuits is to divide the error all round the circuit, in the case of 
the first circuit, and in other adjoining circuits to divide the error, 
through the new work; but for an example, let us suppose No. 1 
circuit, (Page 301) to have consisted of 200 angles, and to have an 
error of 40 minutes, in excess of what the Theorem requires for 
proof; we will also suppose that between A and B, there were 60 
angles observed, between B and D 70 angles, and between D and 
A also 70, making up the 200 angles of the circuit. 

By this method of correction, 12’ would be deducted between A 
and B, 14’ between B and D and 14 between D and A, making up 
the error of 40’ at the rate of 1’ for every 5 angles. It is found, 
however, by testing the azimuth at B and D, that the correction to 
be applied between A and B, is — 20’, between B and D — 25, 
and that consequently between D and A it must be a correction 
of -+- 5’. 

By the former method of correction, the deduced azimuth at the 
point B will be diminished 12’, at the point D 26’, and by deduct- 
ing 14 between D and A, the sum of the angles will prove. 

By the latter method, the deduced azimuth at the point B must 
be decreased 20’, at the point D 45’ and between D and A, 5 must 
be added to prove the angular work. 

The difference between the two methods of correction is, that the 
former is done by guess, and the latter by actual Astronomical ob- 
servation, and we think it is but too evident, which is the one most 
likely to give the best results. 

In the preparation of main circuits, where a large river forms 
the boundary on one side, the stations should be taken along one 
side only, and when the adjoining main circuit is prepared on the 
opposite side of the river, its stations should run on the opposite 
side, leaving the river to form a circuit of itself; if this is not done, 
and the stations on one side of the river are made common to both 
circuits, it involves the necessity of crossing the river every time 
village has to be closed on a main circuit station which is not 
always practicable. : 
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Also, should the work of the season not extend beyond the river, 
it is only necessary to preserve the two extreme stations on the 
river to connect the work of the next season, and we therefore ad- 
vise that a river should always be made the boundary of a main 
circuit, even should it not be the boundary of the Pergunnah; 
there is no more objection to dividing a Pergunnah into two 
circuits, than there is to enclosing two or three small Pergunnahs 
within one main circuit; and a river offers many facilities in this 
country, to laying down by intersection prominent points, such as 
mosques, temples, &c. which are often found on their banks, and 
perhaps not visible from the interior part of the Pergunnah. 

If it becomes necessary to cross the river during the progress of 
the main circuit, the distance across should invariably be triangu- 
lated and the base of the triangle ought always to be at /east one- 
third of the estimated distance. The Tindal who prepares the main 
circuit should always clear a line for a base, whenever it is 
necessary to cross a river, and not leave it to be done at the time 
of survey; this man must also take the leading flag during the 
survey of his circuit, for being acquainted with all the stations, 
much valuable time is saved, which would otherwise be lost, were. 
the leading flag taken on by a classie who had to hunt out every 
station. : 

It is absolutely essential that these main circuits should be sur- 
veyed with the greatest care, and the computations carried on 
under the Superintending Officer’s own eye. Instruments of not 
less than 7 inch diameter should be specially set aside for this 
purpose, and on no account ever entrusted to the Native Assistants. 
The carrying out of this system, in all its integrity, is most 
strongly insisted on by the Departmental Rules. The main circuits 
are intended to free the general results from the accumulation of 
error, which otherwise would necessarily be engendered by building 
up one small polygon on another; they should therefore never en- 
close 2, less area than 50 square miles, and they may average from 
that to 100 square miles. 

It may be perfectly easy, instead of making a bond fide circuit of 
this description in the field, to extract the sides of all the exterior 
villages bordering on a Pergunnah, and manufacture a traverse of 
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the required description, and so evade the real intent and meaning 
of the order, merely for the sake of the slight extra trouble caused 
in going round a main circuit. The inefficient supervision over 
Assistants will cause this, and as the consequences are most fatal to 
the value and character of a survey, too much care cannot be 
observed to guard against it, the proof of the work never can come 
out so satisfactory, and therefore it is liable to accumulate error 
beyond the means of reducing it within the allowed correction. 

Each part of the work is rendered independent by these means : 
the larger circuits being measured with greater care and precision 
and with larger instruments than the smaller, the errors are not 
only detected and made apparent, but they can be confined within 
the space wherein they were generated, merely by dispersing the 
error of the subdivisions or village circuits, of which they are 
composed. 
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Tse Merrnop or Preparinc AND Surveymne ViriacE Circuits, 
AND Future in TorpograpHicaL Detars. 


SmuLTaANEousLy with the preparation of the main circuits, line 
cutters are detached for the village circuits, and they proceed to 
prepare their villages for survey as shown in Chapter XI. No 
definite rules can be laid down for their guidance as to where 
they should commence their work, as it depends very much on the 
size and shape of the Pergunnah or main circuit; as a general 
rule, they should be told off to main circuits in the proportion of 
one party to every fifty villages contained within the circuit, 
thirty villages being considered a fair month’s work for one line- 
cutting party. 

Some Surveyors prepare their villages for survey by commencing 
from the main circuit Stations and working inwards towards the 
centre of the Pergunnah; others, the reverse, commencing from 
the centre, and working on to the main circuit, and there closing 
their work: the latter is, however, preferable; the former is de- 
pendant on the main circuit Stations being previously prepared, 
which cannot always be the case, whereas in the latter, the village 
line-cutter only requires the main circuit stations to close the 
several villages situated on the boundary of the Pergunnah. 

A little practice in the field will soon show a Surveyor the 
best method of telling off his line-cutters, the only care required, 
being that of taking up or closing on one another’s Station points 
in adjoining villages, and of limiting their offsets within the pre- 
scribed maximum of 5 Chains on each side of the chain line. 

A sufficient number of circuits being thus marked out, and all 
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the stations duly prepared ahead of the surveying party, the mode 
of proceeding will be best explained by an example— 

In the adjoining Plate VI., let the Station lines GJ, JA, AB, 
and. BC, be four lines previously surveyed on a main circuit, and 
the three enclosures marked 1, 2, and 3, be the irregular figures 
formed by the boundaries of the villages contained within them. 

For the survey of village No. 1, or Mahmoodpore, start from 
Station C of the main circuit, observe the interior angle BCa, thence 
proceed to Stations a, 6, ¢, d, e, observing the interior angles of the 
polygon Cab, abc, bed, &c., measuring the lines Ca, ab, be, ed, &e., and 
closing on Station J of the main circuit, observing the interior 
angle eJA; to complete the angles of this polygon, to obtain the 
necessary proof, the angles JAB and ABC of the main circuit 
must be added to the angles above taken. 

To survey the village of Patpore, No. 2, commence from Station 
c of No. 1, Mahmoodpore, observe the interior angle dca, and pro- 
ceed round measuring the several lines and keeping the village 
itself to the left-hand, observing the interior angles cab, abc, &c., 
and closing on Station G of the main circuit, observing the angle 
eGJ; to complete the interior angles of this polygon, the angle 
GJe is required, obtainable by deducting the angle eJA of No. 1, 
Mahmoodpore, from the main circuit angle GJA, and also the 
angles Jed and ede, obtainable by reversing the angles deJ and cde 
in the adjoining village, No. 1. 

For the survey of No. 8, or Jehanabad, commence at Station a, 
of No. 1, Mahmoodpore, observe the interior angle baa and pro- 
ceeding round through the Stations a, 6, c, d, as before, close the 
survey of the village on Station @ of No. 2, Patpore, observing 
the interior angle dac; to complete the interior angles of this 
polygon, the angles acb and cba are required, the former is ob- 
tained by taking the sum of the two angles, dca of No. 2, Patpore, 
and cd of No. 1, Mahmoodpore, and deducting it from 360°, 
leaving the angle ach for No. 3, Jehanabad, and the latter, by 
deducting the angle abc of No. 1, Mahmoodpore, from 360°, 
leaving the angle cba of No. 3, Jehanabad. 

In this manner are the angles obtained from adjoining villages, 
to complete the angles of the village under survey, 60 as to meet 
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the required proof, and it is of actual necessity, that when once 
angles are corrected for a village, the outward angles, or the 
sum of any two at a triple-boundary Station deducted from 360°, 
must be taken to the minute for the adjoining village, otherwise 
the azimuths of the several lines in the adjoining villages would 
differ, which for the general proof and accuracy of the work, it 
is incumbent that they should not. 

The Station lines are measured at the same time that the angles 
are observed, and they are also common to the village under 
survey, as well as to the adjoining village. For instance, the 
station line Ca, in Mahmoodpore is common to the village adjoin- 
ing it, Shahpore, as also the offsets on the line, defining the 
boundary of Mahmoodpore, and consequently also that of Shahpore. 
The offset calculations are equally transferable by reversing the 
sign; if the balance area is plus for Mahmoodpore it is minus for 
Shahpore, or we versa; the azimuth of the line Ca by being 
reversed becomes the azimuth of the line aC in Shahpore; the 
latitude and departure of the same line in Mahmoodpore is like- 
wise applicable to Shahpore, for the distances on the meridian and 
Perpendicular being Northing and Easting for the former village, 
become Southing and Westing for the latter, so that in every 
village surveyed, the angles, bearings, distances, and traverse cal- 
culations, are all so much work done for the village itself, as 
well as piece-meal for the adjoining villages also. 

The Boundary common to two villages should never be twice 
surveyed, not only on account of the extra work it entails, but to 
prevent discrepancies either in the angular and linear measure- 
ments, or in the offsets to the Boundary which would probably 
arise, and cause much confusion in the work. 

In putting up work, it is always customary to enter first in the 
Traverse Table, the angles, &c., of the old work of adjoining 
villages, commencing at the Station where the new work closed, 
and following them round, until arrived at the Station where the 
new work commenced, and then to enter the angles, &., of the 
new work. Thus, in putting up in a Traverse Table the three 
villages shown in the plate, the Stations would be entered as 
follows, for all villages adjoining them. 
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The peculiar method of keeping the Field-book of the angular 
observations and Chain measurements, is of great assistance, in 
ascertaining the starting and closing Stations of villages. 

The Field-book of the three villages in Plate VI., is shown on 
the next page; the left-hand column of the Field-book containing 
the angular observations, and the right-hand column, the Chain 
distances. Letters have been made use of to denote the Station 
points for the sake of explanation, but in the Field this is unneces- 
sary; the letters are generally added when the Traverse of the vil- 
lage is put up, the Native Surveyor in the Field being guided solely 
by the names of adjoining villages for starting and closing points. 

For instance, in the survey of Mahmoodpore, he notes down, 
having commenced the survey at 2 165° 40’ of main circuit, triple- 
boundary of Mahmoodpore, Shahpore, and Ameerabad, the two 
main circuit distances being 33°01 Chains and 24:68 Chains, mea- 
sured to and from this Station during the progress of the main 
circuit. Mahmoodpore being the village under survey, its name is 
entered at the bottom of the page, and also on the left-hand side 
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of the Field-book, the adjoining village being Shahpore, is entered 
on the right-hand side, and continued until he arrives at the first 
triple-boundary, where the exterior village must of course change. 
Here a line is drawn across to the right, thus denoting the Station 
a triple-boundary one; Jehanabad is then entered as the adjoining 
village, until arrived at the next triple-boundary, and drawing a 
line again across his Field-book, he enters the name of the next 
adjoining village Patpore, continuing this on until he closes on the 
main. circuit, where he notes, closed on 4 191° 40’ of main circuit, 
distances 33°40 Chains and 28-60 Chains, being the triple-boundary 
of Mahmoodpore, Patpore and Joynuggur. 


Closed on Z. 191° 40’ Main Ciremt. Distance 33°40 and 28°60. 


92°03 Jognuggur. 
32°04 


i 47-80 


Mahmoodpore, 
ns 
Ole 
Cn 
© 


22°50 Patpore. 
29°00 


26°50 
Ose oe) Fehanehed: 


. 40°61 
Commenced / 165° 40’ Main a 
Circuit. 


Pergh. Limbye. vi 61-30’ 
: Shahpore. 


ys 
/ Amecrabed. Cc 


Survey of Village Mahmoodpore. 
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To survey the village of Patpore he refers to the village of Mah- 
moodpore, and finds that it commences at 2 938° 30 of Mahmood- 
pore, being the triple-boundary of Mahmoodpore, Jehanabad, and 
Patpore. Jehanabad, therefore, is the first village to his right 
hand, and he continues on, noting the names of adjoining villages 
and triple-boundaries, until he closes on the main circuit at 2 138° 
30’. In the same manner Jehanabad is surveyed, commencing at 
Z 140° 50’ of Mahmoodpore, and closing on ¢ 99° 30’ of Patpore, 
and so on, for the survey of the adjoining villages, until all con- 
tained within the main circuit are taken up. 

The main circuit Field-book is kept in the same manner as the 
Village circuit, with the exception of the names of villages within 
and without the circuit, being entered on each side of the columns. 

We have before said, that in al/ survey operations, work should 
always be carried on from «whol to part, and never from part to 
whole: this is 8 maxim which should always be borne in mind, 
and in the putting up of work, carried on under the Traverse 
system, it requires especial attention; many Surveyors are in the 
habit of setting up the Traverse of every village as it is sent in by 
the Native Surveyor, proving and completing it at once. 

This method, unless the angular work is done with the greatest 
care, is attended with some risk, for though to all appearance the 
villages may be correct, when the work is closed on the opposite 
side of the main circuit, the azimuth of the village Station lines is 
sometimes found to differ several minutes with the azimuth of the 
main circuit Station lines, even at times to } and 4 a degree; this 
is owing to the angular work of the villages having been erro- 
neously corrected. The best mode of setting up villages, so as to 
ensure as much accuracy as possible, is to put up the angular work 
of the villages as they are sent in, but to make no corrections, nor 
enter the azimuth of any of the Station lines, until some 20 or 30 
villages are surveyed; then take the exterior angles and Station 
lines of the exterior villages contained within the lot, and deduce 
the azimuths of these several lines from a corrected azimuth of 
former work, verifying it by a junction on the main circuit or other 
proved work ; this done, set up the Traverse of the exterior of these 
20 or 30 villages and prove it in the usual way, when the errors of 
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the interior villages or circuits can all be kept within this circuit, 
It is advisable, if the above is not attended to, to subdivide all main 
‘circuits, into three or four smaller circuits, which can very easily 
be done, by taking up the Station lines prepared for the village 
circuits, and proving the Traverse of each of these smaller circuits, 
which will tend much to the general corectness of the work within 
the main circuit. 

The whole of the Village Circuits being thus represented, and 
their peripheries defined by accurate angular work, it remains to 
fill in all the topographical details within these small polygons, the 
Stations of which form so many convenient bases, on which this 
part of the operations may be laid down with very great facility 
and precision. For this duty the instruments employed are, the 
Circumferentor, the Prismatic, and the common Surveying Com- 
pass, together with the Drawing Board and T Square; and it has 
been found that the common Compass or Circumferentor, is prefer- 
able to the Prismatic Compass, which latter from such constant 
exposure is liable to get out of order, the cards warp with the Sun 
and atmospheric changes, and in the hands of Natives it is not so 
easy to use, or to fix in a horizontal position. For topographical work 
generally, and filling in triangles of any extent the Plane Table 
(page 97) is in general use, and is the best contrivance for the 
purpose, but for details confined within such narrow limits as 
Village Circuits of 400 or 500 acres it is not necessary, and the 
practice therefore on the Revenue Surveys is to employ a simple 
Drawing Board and T Square, (page 207) which is far more port- 
able, can be carried in the hand, and with the aid of the common 
rectangular or circular Protractor enables the Assistant to draw the 
whole of the topography in the Field with great despatch, and is 
peculiarly suited for Native Agency. 

Prior to commencing this interior detail survey, the Native 
Assistant is furnished with the board containing all the Station 
lines of a certain number of congregated villages drawn on the 
paper, and which is mounted in the frame of the board; from 1 to 
10 polygons, or as many as will conveniently come on the paper, 
are thus given out, leaving a small space on either side of the paper 
for recording the several bearings and distances, which may be re- 
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quired for replotting the work afterwards and to detect errors, the 
Station lines together with the meridian line drawn completely 
across the paper being inked in; the T ier working against the 
lower edge of the board by means of its projecting head, forms pa- 
rallels to the given meridian at any given point. This line, how- 
ever, represents the rve meridian on which all the angular work is 
based, and as the interior details are filled in with the magnetic 
needle, it is imperative before a single observation can be reduced 
to paper, that the variation of the needle be clearly ascertained, and 
this is invariably done by any of the methods mentioned in Part 
V., and. recorded on the instrument itself, or on the lid of the box, 
or other convenient place. If the variation be Easterly (as it now 
is in this country) the bearing actually observed must be increased 
by the quantity, before it can be protracted on the board, and if 
Westerly, the variation must be deducted. Every needle in use 
with a survey will be found to differ with reference to its polariza- 
tion ; all work-Skprefore produced by means of this treacherous in- 
strument, must be very carefully carried on, due allowance being 
made so as to reduce every needle to the same meridian. 

To obviate, however, the necessity of constantly adding this 
quantity to the bearings taken in the field, the meridian line may 
so be fixed on the board as to preclude any addition or subtraction 
whatever. Before the Stations of the polygons are pricked off on 
to the board from the original rough office protractions, it is well 
to let the meridian line drawn on the board by the T Rule, stand 
for the magnetic meridian, and then to Jay off the variation of the 
compass to the left-hand or Westward of this line (the variation be- 
ing Easterly) thus giving the direction of the érue meridian, and 
on this to adapt the several points of the Circuit Survey by fixing 
the ¢rue meridian line of the original map, with the true one on the 
Board. The whole of the Station lines are thus transferred from 
the true to the magnetic meridian (with reference to the parallels 
drawn with the T Rule) and it is only necessary to protract the 
bearing actually read on the compass, without any alteration 
whatever. 

For the more ready adaption of the magnetic to the true azimuth, 
on which the lines of any village in particular may have been cal- 
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and the position of any other point or place in the survey would 
be laid down in a similar manner.” 

For the purpose of finding the 
equivalent values of latitude and 
longitude in arc, i. ¢, in degrees, 
minutes and seconds, from the Ta- 
bular traverses expressed in units 
of linear measure, Table (C) in the 
Appendix is given, and the follow- 
ing remarks, to exemplify the pro- 
cess in performing this reduction, 
and the principles on which such 
reductions depend, are likewise bor- ' 
rowed from the same author. 

“In the explanation of the adap- 
tation of Traverse Tables to survey- 
ing, the surface of the earth within 
the limits of each set of operations 
has been considered as a plane, and 
the meridians as parallel straight 
lines; the relative lengths of the 
distance, difference of latitude, and 
departure, have been stated, not 
only to be accurately expressed by 
the three sides of a right-angled 
plane triangle, but to be truly pro- 
jected by the construction of that 
triangle upon the map; both of 
these statements are, conformably 
with the hypothesis, strictly true, and boundary surveys, or indeed 
maps of small extent, may be projected with sufficient accuracy 
for all practical purposes by the rules given in the text. In 
route surveys, also, where the general line lies near to a meridian 
or parallel of latitude, the results so obtained approximate very 
nearly to the truth; but where a considerable extent of country 
has to be mapped, or where the general line of a survey traversing 
the meridians at an oblique angle has to be represented, we are 
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compelled to abandon our hypothesis,—the convergence of the 
meridians being sensible in extensive maps on any part of 
the earth’s surface, but in a much greater degree in the higher 
latitudes than near to the equator: therefore, while we may still 
consider each individual Station to be correctly projected by the 
intersection of co-ordinates from the nearest meridian and parallel 
of latitude on a map, if we only take the necessary precaution in 
the field of correcting our bearings, whether true or magnetic, 
by observation, as often as the inclination of the meridians be- 
comes sufficient to require it to be done,—=still, a correction will 
be necessary to convert the departure between any two distant 
Stations, as obtained by the Traverse Tables, into the equivalent 
difference of longitude én arc between the same places. A similar 
correction would be necessary in the Tabular differences of latitude, 
but that the variation in the length of those degrees of latitude, 
lying near to each other, is so small as to be incapable of repre- 
sentation, excepting in maps of very large scale, and extending 
over great portions of the earth’s surface. 

“To obtain the difference of latitude and the departure for any 
bearing and distance, with perfect accuracy, by the Traverse 
Tables, it is essential that the distance should be an oblique rhomb 
line; #4. ¢, a portion of a spiral, cutting all the meridians over 
which it passes at the same angle; but where the lines are so 
short, as in a survey is generally the case, the difference between 
the lengths of a straight line, a circular arc, or a rhomb line, 
drawn between any two Stations, is inappreciable, and we may 
therefore consider our Station lines as so many rhomb lines; 
and, consequently, the difference of latitude and the departures 
between any two distant places, as deduced from the intermediate 
lines in a survey, to be the same as if it had been obtained from 
a rhomb distance measured between those places. 

“The departure and difference of longitude have, in the rules 
given for applying the Traverse Tables, been considered as iden- 
tical; and this also, comformably with the hypothesis above- 
mentioned, is strictly the case. The meridians are not, however, 
really parallel, though within short distances they may be so con- 
sidered in practice, but converge towards the poles (Note page 
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257); and the degrees of longitude, instead of being equal, as 
they are assumed to be in the theory of the parallelism of the 
meridians, decrease in the same direction ; therefore the departure 
and difference of longitude cannot any longer be considered as 
identical ; for an equal amount of departure, ¢. ¢., the same num- 
ber of linear units, will measure different arcs of longitude accord- 
ing to the distance from the equator at which the departure may 
be reckoned. Thus, at the equator, a departure equal to 6086 
feet, measures one minute of longitude, whereas at 89° it measures 
nearly a degree, and proportionally at all intermediate stages. In 
measuring an oblique distance, therefore, it is evident that, sup- 
posing the distance to be divided into a number of infinitely small 
parts or increments, the amount of departure due to each incre- 
ment ought to be reckoned in arc of longitude at its own distance 
from the equator, and that the departure for the whole distance, 
when converted into longitude, will equal the sums of all the 
elementary arcs of longitude of each increment in the distance. 
On moving from the equator towards the poles, these elementary 
arcs will be continually decreasing, and the contrary in travelling 
from the poles towards the equator; but there will be a certain 
point between the two extremities of each distance, or a certain 
mean parallel of latitude, upon which, if the «hole departure be 
reckoned, it will express the true difference of longitude between 
the two extremities of that distance. This mean parallel is always 
higher than the m:ddie parallel between those extremes, but in the 
construction of maps, where the measured distances are short, and 
the intervals between which the reduction of departure into lon- 
gitude takes place are small, it will give rosults sufficiently near 
to the truth if we reckon the departure upon the mddie parallel 
between the two extreme points of any distance. 

‘¢ Tf the figure of the earth were truly spherical, all degrees of 
latitude would be equal, while the degrees of longitude would 
decrease in the direct ratio of the cosine of the distance from the 
equator ; but, owing to the spheroidal figure of the earth, the 
degrees of latitude are not equal, but increase from the equator to 
the poles, the degrees of longitude decreasing in that direction in a 
ratio slightly different from that mentioned above. The greatest 
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difference between any two successive degrees of latitude, which 
occurs about 45° from the equator, is 63 feet, or 1:05 feet in one 
minute, being rather less than 11 inches in one mile. This differ. 
ence decreases both towards the equator and poles, and is too small 
to require the attention of the practical man, unless when his 
operations extend over a surface of many degrees : but in longitude 
the difference increases from 56 feet between the equatorial and 
first degrees, to 6393 feet at the poles; and, therefore, though not 
very sensible at first, it soon becomes so, even through the minutes 
and seconds of each degree. 

‘‘T shall now show the use and application of Table (C) in the 
reduction of Traverses, taking as examples the reductions entered 
in the column of remarks in the Table at page 337. 

“‘ Fzample. Required the difference of latitude and of longitude 
in arc between Hatras and Duriapoor, and the true latitude and longi- 
tude of the latter place, the Tabular traverses being N. 3 M. 1 Fur. 
919-8 Lks., and 4 M. 0 Fur. 863 6 Lks. E.; the latitude of Hatras 
being N. 27° 36, and its longitude 78° 04’ E. 

“Reduce the Tabular traverses to feet : divide the Tabular differ- 
ence of latitude so reduced by the value of one minute or second of 
latitude in a line with the number corresponding nearest to the 
latitude of the starting point, in the column designated “ distance 
from the equator ;” and the quotient will be the difference of lati- 
tude required i arc. Add to, or subtract this difference from the 
latitude of the starting point, according as it may be of the same or 
of a different denomination, and it will give the true latitude of the 
place required. Take the middle latitude between the starting 
point and that for which the difference of longitude is required, and 
correct the value of one minute or second in the Table, for the 
number in the column designated “ distance from equator,” corres- 
ponding nearest to that of the middle latitude. Divide the Tabular 
difference of longitude reduced to feet by the corrected value of one 
minute or second, and the quotient will give the difference of lon- 
gitude #” arc required ; which being added to, or subtracted from, 
the longitude (from Greenwich) of the starting point as above, will 
give the true longitude of the place required. 
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Feet. Feet. 
Three miles . .. «== 15840 Four miles .....+..00 == 21120 
One furlong = 660 863 links (TableD) . == 569.68 
919 links (Table 2. = 60654 ‘6 ditto, (ditto) .. r= 396 
*8 ditto, (ditto) . = .528 Reduced duff. long. 21689 976 E. 


Reduced auf, Tat, N. 17107 068 


Lat. of Hatras N. 27° 36’; value of 1’ of lat. for 28°, in Table 0 = 
60591 and 17107-068 ~~ 6059°1 gives 02°8283’, or N. 02° 49°40", 
nearly, for the diff. of latitude sm are, which added to the latitude 
of the starting point (being of the same denomination) gives N. 27° 
36 + N. 02’ 49-40”, or N. 27° 38’ 49-40" for the true latitude of 
Duriapoor. 

“‘ Again, for the difference of longitude in arc: 


Latitude of Hatras . be. Bo : N. 27° 36’ 
Half diff. of Lat. ot Dunasout N. 01°41167 
Middle latitude N, 27° 87 41167 
Value of 1’ of longitude for 27°, Table C 5426 2 
Ditto ‘ - . . for 28°, ditto 5377 3 
Difference for 1° — 489 


Now 1°, or 60° : — 48°9 feet >: 3741167 : — 380-49, and 5426:2 
— 30°49 — 5895-71 feet, value 1’ of longitude to middle latitude : 
then, using this number as a divisor, we shall have the tabular dif- 
ference of longitude reduced to feet 21689976 — 5395°71 = 4:018, 
or 04’ 01:08" E., the difference of longitude én arc, which added (as 
above) to the longitude (east of Greenwich) of Hatras (78° 04) 
gives 78° 08 01-08" E. for the true longitude of Duriapoor.” 

The latitude should be found by celestial observation at least 
once in twenty-four hours, and if the meridian altitude of the sun 
be within range of the instrument it should not be neglected, but 
the true observation to trust to, is the latitude by night from Stars 
North and South, which in a fine climate can nearly always be ob- 
tained, and the difficulty of measuring the altitude in low latitudes, 
when the double angle is larger than a Sextant can measure, 
avoided. A sextant of five or eight inches radius and an artificial 
horizon, are the only safe instruments, but these, of course, are use- 
less for the meridional altitudes of the sun, in low latitudes. 

The determination of the longitude of a place requires more 
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knowledge than is requisite to find its latitude. No pains should 

be spared, nor any time be considered misspent in endeavouring 

to fix accurately the chief points in a country by independent 

observations for longitude. The only trustworthy method for a 

locomotive observer is by occultations. One good observation of an 

occultation is worth fifty observations depending on the moon’s 
motion; lunar distances are not to be relied on within 20 miles. 
Moon culminating stars, which is a favorite method, requires a long 
series of observations, and the fixing of the transit instrument takes 
several days, and the method depending on the moon’s motion, the 
error is magnified twenty-eight times in the result. Eclipses of 
Jupiter's Satellites are unsatisfactory on account of the Penumbra. 
Unfortunately occultations occur very seldom and give a great deal 
of trouble, but the observation when made is very valuable and 
ought to be good within 2,000 or 3,000 feet at the outside, so that 
a couple of occultations is sufficient for a good approximation. It 
is also advisable that corresponding observations at an observatory, 
should, if possible, be made. Chronometers are not to be trusted 
for long circuitous journeys, especially in a meridional direction. 

‘“‘The above methods which are fully treated of in Part V, will 
enable the observer to fix the longitude of a place absolutely, that is 
to say, independently of the transport of time by a watch or chrono- 
meter, but for short distances this instrument will be perfectly ser- 
viceable, and connect one place with another, so that all may be 
relatively right in a map of the country, though absolutely wrong; and 
when at any subsequent opportunity the longitude of any one point 
may be correctly determined, all will move together in its right 
place. 

“With regard to the management of a chronometer, the great 
point is to find its error at auy place, the longitude of which is 
known, and its rate whenever an opportunity is afforded, by stopping 
two or three days in any place, and to make allowance for any 
alteration in rate over the whole route travelled since its rate was 
last: determined. 

“The mode of finding the longitude before described, by keeping 
an exact itinerary of the courses by the compass and the distance 
travelled, corrected for variation, and checked by observations for 
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latitude, is the simplest, and will give a very fair approximation, 
and this method should never be neglected, as it will serve as a use- 
ful check to astronomical observations. 

“By these means a careful and industrious traveller can hardly 
fail of obtaining abundant materials for the correct laying down of 
his route, and should he traverse the country in different directions, 
he will thus have a number of lines crossing each other forming a 
route map, from which for want of a regular survey, a very fair 
idea of the country may be gleaned, particularly when such map is 
accompanied by a detailed description. Another essential object to 
which we would call the traveller’s attention is, never to go to sleep 
until he has mapped his day’s route, and written up his journal 
from the notes of the day.’’* 

To shew the accuracy with which this description of survey may 
be carried out, we subjoin an account of the Ray Trace System 
as pursued in the Great Trigonometrical Survey, and detailed in 
the following Chapter. 


* “ What to observe, or the Traveller’s Remembrancer.” By J. R. Jackson. 
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CHAPTER XV. 


Toe Ray Trace System or THE GREAT TRIGONOMETRICAL 
SuRvVEY. 


Ana Locous to the route survey, is the Ray Tracing System 
introduced y Lieutenant-Colonel Everest, the late Surveyor 
General of India, and described at page 19 of his account of the 
“‘ Measurement of two Sections of the Meridional Arc of India,” 
published in 1847. This is most useful, where it is necessary to 
know the exacu line between two places for road making, or the 
proper direction in which to lay the telescope for observing the 
Blue Light Signals, which are burned by sets of four, at ten 
minutes interval between each lighting, and which are scarcely 
in a single instauee, during the whole of the operations of the 
Great Trigonometrieal Survey, visible to the naked eye. Without 
calculating this direction beforehand, it would be impossible to 
say, in the side of a triangle, perhaps 10 to 15 miles, how the ray 
would fall, and which identical trees would require to be felled. 
For this purpose a or series of triangles, or a simple route, is 
carried on along the ray, commencing from the station of the eye 
and terminating at that\of the object, wherein by assuming the most 
commodious of the first t#wo sides as unity, and as the line of direct 
co-ordinates, it is easy t) compute not only the angle which the 
ray makes with this line} but also the ratio, which they bear to 
each other. 

The following directions, ¢omputation and exampleof a Ray Trace, 
have been drawn up in conformity with these principles, and are 
precisely those at present loyed in the Great Trigonometrical 
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Survey of India. Most of the rays for the principal triangles 
have been worked out in this manner, whence the method, whether 
executed by minor triangulation, or perambulator measurement, 
has derived the name of “Ray Tracing,” and affords ample 
opportunities for filling in topographical details, and fixing the 
secondary points, within large triangles. 

Every Route Survey, conducted on the principles of the Ray 
Trace, should, if possible, originate in a point previously determined 
by a Trigonometrical Survey; when a fixed point of this kind is 
not available, the origin of the route should be placed on some 
permanent object, such as a mosque, a temple, a church or a 
pucka building, &c., the position of which can be readily ascer- 
tained whenever required, by a trigonometrical operation. 

In a Route Survey, the measurements required ccnsist of two 
parts, viz., linear and angular. The measurements cf the former 
kind are usually made with a perambulator, and gthose of the 
latter are invariably executed with a theodolite g the angular 
measurements are much less liable to error tlgn the linear 
measurements; whence the corrections arising frong all and every 
discrepancy exhibited by a Route Survey, are ex-lusively applied 
to the measured distances, thereby leaving unaltered the observed 
angles which are considered errorless; on this assumption is based. 
the common method for computing and reducing a Route Survey. 

After the origin of the survey has been determined upon, the 
Surveyor proceeds forward and selects stations in the route; the 
conditions to be attended to in this operation are, 1st, the reci- 
procal visibility of the adjacent stations, and 2nd, the eligibility of 
the intermediate ground for a perambulator measurement. 

In closing the operation, it must terminate also on a point 
which has been either determined trigonometrically, or which is 
capable of being so determined in future. 

When the origin and terminus of a Route Survey are fixed 
points, any error committed in the execution of the work, is 
susceptible of easy elimination as will afterwards appear. 

After the Stations are selected, the next thing is the measure- 
ment of the distances and angles. For this purpose, a reading of 
the perambulator at the origin is taken, and then it is rolled 
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forward in a straight line to © 1, where a second reading is 
taken; here likewise the theodolite is adjusted, and the angle 
between the origin and © 2 observed; this observation should be 
repeated on both faces of the instrument; the advantages attend- 
ing the taking of this double observation are these: In the first 
place the record is checked, and secondly, any error induced in 
the individual observations by the unadjusted line of collimation, 
or the dislevelled transit axis, disappears in the mean value 
thereof. 

After © 1 is disposed of, the Surveyor proceeds to © 2, where 
he takes observations similar to those made at © 1; the remaining 
stations of the route being treated in like manner, he will at last 
arrive at the terminus, where having no angle to observe, he will 
only note down the reading of the perambulator; after the com- 
pletion of the field measurement, the com- 
putation of the route is made, the principles 
and method of executing which may be 
explained in the following manner :— 

On reference to the diagram in the mar- 
gin, it will be perceived that if the first line 
(origin to © 1) be extended so as to meet 
the perpendicular drawn thereto from the 
terminus, the lengths of these two lines 
being known, all the other elements of the 
route are ascertained by a very easy com- 
putation. 

For instance, calling y the perpendicular 
above mentioned, and z the line drawn 








from the origin to meet tan 9, OsOrgin 


6 being the angle at the origin between © 1 and the terminus. 

Again, the whole distance from the origin to the terminus of the 
route is equivalent to p =z. sec 0. 

The use of these elements for correcting the measured distances 
of the route, and for laying off the direct line from the origin to the 
terminus, will be shown presently. 

In the computation of a Ray Trace Survey, it should be premised 
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thet @ is taken as the axis of the direct, and y that of the perpendi- 
cular co-ordinates. 

Besides 2 and y, there are other symbols required to designate 
the measured distances and angles, and the characters usually made 
use of for this purpose are as follows: 

Distance Origin toOl=a 
Ditto O1 toO2=a 
Ditto O2 to O8=—5 
Ditto ©O3 ttoO4=—e 


Again, 
Mean observed angle at © 1—O1 
is » Ditto atO2=—O2 
9 » Ditto atOs—O38 


These observed angles are deduced by subtracting the reading 
of the rear station from that of the forward point, and consequently 
they may be of any value whatever from 0° to 360°. 

From the observed angles deduced as directed above, let the 
following arcs called angles for computation be computed. 

A=O1 

B>-A+O02—z7 
C=B+03—-r 
D=C+04—7 


That is to say, the angle for computation at any station is equi- 
valent to the observed angle, augmented by the last angle for 
computation, and diminished by 180°;* the angles for computation, 
as deduced above are those at which the lines a, 6, c, .......- are 
inclined to the first line a, or to the parallels thereof. 

After the deduction of the angles for computation, it is necessary 
to culculate the following terms : 

g —a.cosA y¥ —aesnA 
a = b. cos B y = 6. sin B 
2” =. cos O y” = c. sin C 


The catablished symbol for a semicircle or 180° 18 *. 
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re ... are called direct co-ordinates, they being the 
projections of a, b, c, .....6.... on the axis 2; similarly 4/, y', »/ 
«eeeeeee being the projections of the same lines on the axis y, are 
called perpendicular co-ordinates; the signs of these co-ordinates 
depend upon the magnitude of the angles from which they are 
respectively derived, and these signs will be readily found by a 
reference to the following table: 
Table exhibiting the Signs of the direct and 
Perpendicular Co-ordinates. 


Magmitude of Signs of the Co-ordinates 


the angles for 
computation. | Dhurect 


Perpendicular 











After affixing proper signs to the direct and perpendicular co- 
ordinates, collect the former into one sum and the Jatter into an- 
other; the former of these sums augmented by the first distance 
(2), is the numerical value of z, while the latter sum is the numeri- 
cal value of y. 

After the values of 2 and y are determined, 6 and p may be de- 
duced by the following formule. 


Tan 6 = 2; p= x. sec 9, 


Now 4 @ is of the same sign with y, and may be either positive 
or negative. In the former case, the terminus is to the right and 
in the latter to the left of © 1; knowing the value of 9, as likewise 
its position with respect to © 1, it is easy to trace the direct line of 
the route. For this purpose, put up the theodolite at the origin and 
take a reading to© 1. To this reading apply, according to its 
sign, the 4 6; the resulting reading or the telescope set thereto, 
will point to the terminus of the survey. 

Again, if it be required to trace the route from the terminus, it 
may be done thus: According as 0 is positive or negative add it to, 
or subtract it from, 7. From the sum or difference so obtained, 
(augmented when less than the subtractor by 2) deduct the last 
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angle for computation, the remainder will be the 4 ¢ at the termi- 
nus between the origin and the last station of the route. The 4 
may be of any value from 0° to 360°; it is likewise always positive. 
Adjust the theodolite over the terminus, and take a reading to the 
last station ; to this reading add the 24’: the resulting reading will 
be the required direction of the origin from the terminus. 

It is evident that p, determined as directed above, is in terms of 
the perambulator, calling R the value of the same distance as 
derived from a trigonometrical operation, it follows that p w R is 
the error of the Route Survey. 

Without making any assumption as to the cause of this error, it 
is evident that this discrepancy must be expunged, before the 
details furnished by a Route Survey can incorporate with those of 
a trigonometrical operation. 

The simplest and perhaps the only method of performing this, is 
by the following rule of proportion. 

As the direct perambulator distance of the route (p) 
The trigonometrical value thereof (R) 

Each measured perambulator distance 

Its corresponding trigonometrical length. 

Correcting by this proportion all the perambulator distances, as 
well as all the co-ordinates deduced therefrom, the resulting 
elements will obviously be in terms of the unit of the Trigonome- 
trical Survey. 

The following is an example of the field notes and computation 
deduced therefrom. 
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TYPE OF CALCULATION OF RAY DONAO TO KAINKER 


Ornann T?rraT. A ater 


Distance 


Donao to © 1 = 1075 = 
©1 too 2=3212=— 


At © 1 = 178 13 4 
© 2 = 178 27 2: 


©2t0Q93=1181=. © 3 = 170 58 4 
© 3 too 4=1606= © 4 = 185 26 4 
© 4 to © 6 = 1767 = © 5 = 215 54 | 
© 5 to © 6 = 0°895 =. ©6— 184 0 ! 


Ob6to7=—077=,_ 
© 7 to Kainkeraz==1:122==g9 | 
Hence the Angles for Computation are- 


@Q 7 = 155 22 1: 


— 178 13 40 
B = (178 13 40 +178 27 283 —w)—176 41 £ 
C = (176 41 38-+170 58 49 — r) = 167 39 5¢ 
D = (167 89 52+ 185 26 48— 7) =173 6 8 
E=(178 6 854215 54 0—7)=209 0 2 
F = (209 0 35-+184 0 5—w)=213 0 4 
G = (2138 0 40-+155 22 138 — 7) = 188 22 52 





A= 178 18 40 Cos, 999979 Sin. 8-490383 
@ = 3-212 Log , 0°50678 Log. 0-50678 

050657 .. ++ 3-210 2-99711 .. — 0.099 
B= 176 41 3 Cos. 9:99927- Sm. 8 76223 
b = 1-181 Log. 0°07225 Log. 0-07225 

007162 +1179 2-83448 ., — 0 068 
C = 167 89 52 Cos. 9°98986 Sin. 9°32968 
ec = 1606 Log 9 99575 Log. 0°20575 

0:19561 + 1-489 1:53543 —0°343 
D=173 6 35 Cos. 999685 Sin. 907907 
d = 1°767 Log 0°24724 Log 0 24724 

0°24409 0 + 1-754 1-32681 .. — 0-212 
E = 209 0 85 Cos. 9 94178 Sin. 9 68570 
e = 0895 Log 1-95182 Log. 1:95182 

Traran LM 7RR 168752 . + 0-434 
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F = 218 0 40 Cos. 9°92354 Sin. 9°73624 
f =0707  — Log. 1-84942 Log. 184942 
1-77206 + . 0598 158566 . . 4. 0°385 
Dror cena nT eel . 
G = 188 22 53 Cos, 999534 Sin. 9°16364 
g==1122 Log. 6-04999 Log. 0 04999 
004588 . -+ 1-110 1:21363 . -- 0°164 
ae +4- 1-075 
Sum of Direct Co-ordi- Sum of Perpendicular. 
NACE. ..2. seeeee z=-+ 11-273 Co-ordinates..... y= 
Sum of Direct Co-ordinates z= 11-273 Log. 1-05204 
A.C: 8 94796 
Sum of Perpr. Co-ordinates y= 0°261 Log. 1°41664 
ee | a Tan. 836460 Cos, 9:99988 
"See. 0-00012 
Sum of Direct Co-ordinates z= 11°273 .. . 4... Log. 1°05204 
Distance by Perambulator measurement ......... . Log. 105216 
Ditto §§ Triangulation ..........  .. nua sereees Log. 1:04716 





Constant Log. of Correction 


This constant logarithm added to the logarithms of the peram- 
bulator distances will furnish the logarithms of the same distances 
in terms of the unit of the Trigonometrical Survey. 


& Compute. 
7 + O= 181 19 35 
Which being less than subtractor 1s augmented by 2 a, and becomes... = 641 19 35 


Deduct G or last 2 for computation.» . + .  ssseveessee = 188 22 58 
Hence. . ; . . O = 352 56 42 


The following is the method of computing a Ray Trace Survey - 
without the aid of the trigonometrical distance, wherewith it is 
connected. 

The method just explained for the computation of a route survey, 
requires a previous knowledge of the distance of 8 to 8; but it 
sometimes happens in practice that this information is not forth- 
coming and cannot be ascertained without a tedious computation, 
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in which case, the following method of deduction should be adopted, 
which determines the true positions of the Route Survey points, 
without reference to the direct distance between the two trigono- 
metrical Stations, wherewith they are connected. 

In the diagram (page 347) S and S’ are two trigonometrical Sta- 
tions, and©10©02©8 are points of a Route Survey, which 
originates in S and terminates at 8’. 

The elements supposed to be given are the latitude and longitudo 
of S and also the azimuth of © 1 from 8. 

With the perambulator distance 8 to © 1 and the elements above 
given, deduce the latitude and longitude of © 1, as also the back 
azimuth of 8; with the back azimuth of 8 and the observed angle 
at © 1, compute the forward azimuth of © 2 from © 1; with this 
azimuth again, and the given perambulator distance © 1 to © 2, 
deduce the latitude and longitude of © 2; by a similar process, the 
latitudes and longitudes of the other points of the Route Survey, as 
likewise of trigonometrical Station S may be derived. 

When the computation arrives at 8S, the deduced latitude and 
longitude of this Station will probably differ from their respective 
trigonometrical values; the discrepancies thus displayed present, 
under an accumulated form, the whole error of the survey. To 
eliminate this error: add all the perambulator distances together, 
and take the logarithm of the sum ; to the arithmetical complement 
of this logarithm, add the log. of the error in latitude, the sum will 
be a constant log. ; to this constant log., add separately and in the 
order in which they stand, the logs. of the several perambulator 
distances of the survey, and find the natural numbers corresponding 
to these sums: now the correction for the first Route Survey point 
is the first natural number ; the correction for the second point is 
the sum of the first and second natural numbers; similarly the 
correction for the third Route Survey point is the sum of the first 
three natural numbers ; and in the same manner, the correction for 
the other points, and also that for trigonometrical Station S’ may 
be deduced. 

It is evident, that the deduced correction for S’ ought to be iden- 
tical with the whole error exhibited by the survey, and when this 
takes place, the computation of the corrections may be assumed as 
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having been correctly performed; in this computation the logs. 
used should be carried to five decimals, and the natural numbers 
deduced should be limited to a tenth of a second. 

The error in longitude may be corrected in the same way as that 
in latitude ; this mode of dispersing the error of a Route Survey is 
likewise applicable when the positions of S and S’ have been fixed 
by astronomical observation. 

The method of carrying out the Ray Trace System by minor tri- 
angulation will be treated. of in a subsequent Chapter. 


[PART Tl, 


CHAPTER XVI. 


TRIGONOMETRICAL SURVEYING, AND THE MODE OF OPERATIONS TO 
BE PURSUED IN Hitty Counrtrizs. 


In the system of survey which has been described in the last few 
chapters, shewing the style of a Revenue Survey, which embraces 
all villages situated in a champaign or well cultivated country, the 
relative positions of the several Stations are ascertained by direct 
linear-measurement, but in a less favored, or mountainous and 
densely-wooded country, where, on account of the inequalities of 
surface, the measurements are liable to more than ordinary errors, 
and to connect the measurement of one village with another, with 
any degree of expedition, is almost rendered impossible, it is neces- 
sary, in order to prevent accumulation of errors, that the detailed 
measurements be based on an accurate system of triangulation. 

To pursue a Topographical Survey of countries of the above de- 
scription, which latterly have been met with to a considerable 
extent in the course of the Revenue Operations in India, a Trigono- 
metrical Basis becomes essential, we therefore propose to enter into 
such details for the prosecution of a Trigonometrical Survey, found- 
ed on the principles and system as now actually in use, as will 
enable the Surveyor to prepare himself for every emergency, for all 
surveys executed without due regard to this precaution, however 
carefully the details may be performed, partake of the character of 
detached operations, which are incapable of union inéer se, or of 
harmonious combination with other surveys. 
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All Trigonometrical Operations emanate either 
from some actually measured line, called a Base 
Line, or from a side of some other Trigonometrical 
Survey, the length of which is known by calcula- 
tion. As a general rule, for all surveys of a secondary order, the 
measurement of a base should never be attempted, if by any pos- 
sibility the side of a triangle of the Great Trigonometrical Survey, 
can be obtained, and it will be found preferable to go a little out of 
the way to secure this, and to perform a little extra triangulation, 
in consequence, than to spend time on so difficult and tedious a task 
as the measurement of a base with rude and imperfect instruments, 
the results of which will never equal the value of a computed side, 
deduced with the scrupulous care and nicety of an important Tri- 
gonometrical Survey. 

The measurement of a Base Line, from which the sides of the 
triangles of an extensive series are to be calculated, such as for the 
measurement of an arc of the meridian, although apparently easy, 
is the most difficult and important part of a Trigonometrical Survey, 
as upon its accuracy, that of every triangle depends, and one in 
which every refinement, which mechanical ingenuity can devise, 
has been adopted, with a view to obtain Mathematical accuracy. 
The length of the base is made to depend in general on the proposed 
length of the sides of the triangles, which are to be deduced from 
it, but circumstances seldom allow it to exceed from seven to eight 
miles in extent, as its position is to be selected on an even plain, as 
nearly as possible horizontal, and otherwise conveniently adapted 
for purposes of measurement, where both ends of the base would be 
visible from each other, as well as from such stations with which 
they should form Symmetrical Triangles. 

Our limits will not admit of entering into a description of the 
different implements, which have at divers times been made use of 
for the measurement of a Base Line. Formerly in the English, as 
well as in the Indian Trigonometrical Survey, Steel Chains of one 
hundred feet in length were employed in this operation, but this 
implement has now been set aside, and the apparatus introduced in 
its place are the Compensation Bars and Microccopes. On the con- 


Base Line 
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tinent, rods of different metals, as platina, copper, iron, &c., are 
used in measuring a Base Line. 

When a Base Line is measured with a Metallic Rod or Chain, it 
will stand in need of a correction dependant upon temperature, 
because the length of the measuring implement varies with the in- 
dications of the Thermometer. When the Compensation Bars and 
Microscopes are employed, the correction for temperature is never 
required, that apparatus being so constructed, as to indicate the 
same, or nearly the same length, under every variation of 
temperature. 

Full accounts of the measurement of the Base Line, with Com- 
pensation Bars and Microscopes, will be found in Everest’s Account 
of the measurement of the Arc of the Meridian, 1847, and in 
Yolland’s Ordnance Survey, 1847. Again, Lambton’s Papers in 
the Asiatic Researches, as likewise Everest’s first work on the 
Indian Arc, published in 1830, contain accounts of Base Lines 
measured with a Steel Chain. But the paper which would be most 
serviceable to a Revenue Surveyor is that published by Captain 
Herbert, in the 14th volume of the Asiatic Researches, in which 
he gives an account of the measurement of a Base Line, executed 
with deal rods in the Dehra Dhoon, for the purpose of making a 
Trigonometrical Survey of the Himalayah Mountains. 

The method of laying out a Base Line previous to measurement 
is thus. A Boning instrument,* or in lieu thereof a Theodolite, 
being firmly planted at the origin, its line of collimation and the 
transit axis being likewise truly adjusted ; marks are then fixed in 
the ground, at different distances in a continuous vertical plane, as 
far as the power of the Telescope will permit, the instrument is then 
taken forward to within three or four marks, or pickets of the 
extremity of the line ranged, and placed correctly over one of them 
by means of the plummet, and by the intersection of the crosswires 
of the Telescope, directed to the back and forward pickets succes- 
sively. This done, other marks are then fixed in the same vertical 
plane until the terminus of the Base Line is reached. 


* The Bonimg Instrument 1s used only for Base Line operations, 1t has the common 
properties of the Theodolite, only with more perfect adyustments to the hne of Colli- 
mation and of the Honzontal and Transit Axs Levels, and in addition faterai motion to 
the Telescope. 
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Boards 12 or 15 inches square, with concentric black and white 
rings painted on both sides, make good ranging mgrits. Besides 
the marks at the extremities of a Base Line, which should always 
be constructed so as to be permanent, two or three intermediate 
points should be carefully determined and marked, during the pro- 
gress of thé’measurement, so as to serve for testing the accuracy of 
the different portions, by comparing them with each other by minor 
Triangulation. 

In measuring a base for the Topographical Survey of any mode- 
rately-sized portion of country, it will be sufficient to measure its 
length carefully two or three times with well seasoned fir or teak 
rods, or a good Steel Chain which has been compared with a 
standard. 

The rod or chain employed in the operation should be always, if 
possible, adjusted to a horizontal position ; but this is a condition 
which the unevenness of the ground would occasionally prevent 
being carried into effect. When this occurs, the angle, at which 
the measuring implement is inclined to the horizon, should be care- 
fully observed and registered in the Base Line book. 

As the Theodolite is the only instrument which is likely to be at 
the disposal of the Revenue Surveyor, we will proceed to show how 
it may be employed in determining the angle abovementioned. The 
Theodolite being fixed atacon- + 
venient spot in the allinement of 
the Base Line, adjust the Teles- 
cope, or rather the line of vision 
thereof, to a horizontal position. 


Let Hh represent this line. 
Also suppose AB to be the mea- | en 
suring implement, placed as will 


be required in the course of the measurement. Now the lengths of 
the lines AH and Bf can easily be ascertained, by holding first at 
A, and then at B, a perpendicular staff, and marking thereon the 
points at which it is cut by the visual line of the Telescope. Call- 
ing m the former and n the latter of these lines, it is evident; 
firstly, that when m and n are equal, the measuring implement is 
horizontal; and secondly, that when this equality does not obtain, 
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the implement in question is inclined to the horizon, the advanced 
end B being higher or lower than the rear end A according as m 
is greater or less than n. 





: , 2) j peas. 26 
It is also clear that sin. 1 == i in which ¢ denotes the in- 


clination of the measuring implement to the horizoay ’ being its 
length. : 

When the measuring implement is laid inclined to the horizon, 
the distance it measures off on the latter plane, is equivalent to its 
projection thereon. Putting m M™ n = d and p =length of the 
projection abovementioned, we shall sabe po Y hk? — d®, which 


expanded becomes h — 55- — grr — ygzs-+ ++ +++ +e. Compute 


4 
therefore the terme F a hawker cies , and subtract their 


sum from h, the remainder will be the value of the projection of the 
measuring implement on the plane of the horizon. 

A good method is to lay the pair of rods, as it is termed “in 
coincidence,” that is, lines drawn across Fig 1. 
them near their extremities, are made ——_4—_|—-* 
to coincide most accurately as in the 
sketch (Fig. 1.) The ends of the rods may be laid together on 
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tripod stands, (Fig. 3,) a set of six being properly allined and 
levelled, and where the inequalities of the ground render it neces- 
sary to alter the level, a plumb line is sufficient to obtain a coin- 
cidence of the marks on the rods. If the tripod stands are not 
available, boards may be laid down, the edge of a common table 
knife being placed along the divisions or cuts on the rods, to shew 
the coincidence, as in Fig. 2. 

In order to compare together, and connect bases measured at 
different elevations in distant parts of the country, it is necessary 
that they be referred to a common elevation. For this common 
standard, the mean level of the sea, naturally presents itself as the 
most suitable, admitting, by its very nature and universal access, 
of easy reference. 

A base measured on an elevated plain is thus 
reduced to its proper measure at the level of 
the sea. 

Let r= radius of the earth (supposed to be 
spherical) at the level of the sea. r-- A= 
radius at the level of the measured base. 

A == measured base AB 
a = reduced base ab 

Then because similar arcs are in the same 

ratio as their radii, we wate 


r + Ah: e ae e a 
which gives a = ora =A (1 nae ~ =) which expanded by com- 


mon division becomes 








1-44 5-Fie 
Therefore a = A — ee oe ne + &c. 
Subtracting both sides of the equation from A, there will arise 
A—a= ae + ae — be. 


which is the required expression ie the reduction of the measuerd 
line to the level of the sea, and in which it will never be necessary 
to use more than the first term. 

As an example to illustrate this formula, we will take the Base 
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lane measured by Col. Lambton, in 1815, in the Valley of 
Beder—- 





Feet. 
Measured length of the Base Line ...... A= 30809.07 Log. 4.48868 
Mean height of the base above the sea level h = 1957. Log. 3.29159 
Mean radius of the earth ... .. ...... r = 20888153. Log.AC 8 68010 
Required correction... ..seses seecsees 2.89 0.46037 





which deducted from the measured base will give its length at the 
sea level. 

Before, however, deducing the real length of the line, the 
manner of determining the length of the rods must be attended 
to. Twenty-five feet rods, about 1$ inches by 1}, have been made 
use of, and four rods placed together, compared with the Standard 
Chain. The graduation of one of these rods again may be made 
with a two-feet Gunter’s Brass Standard Scale, and the other three 
compared with it, as a check on the operation; but such a length 
and thickness of rod require a large number of stands, or trestles 
to support it. For one pair of such rods, nine stands would not 
be too many, at a distance of 6} feet apart—twelve feet rods, 
therefore, may be deemed preferable. A good Beam Compass, 
with metal points, may be used for taking off the divisions, which 
should be laid down several times over by means of dots and arcs; 
studs of ivory having been for greater accuracy let into the wood, 
on which the arcs may be drawn; the beam should then a second 
time be compared with the scale, after the stepping or dividing is 
concluded, and half the difference (if any) applied as a correction, 
the Thermometer being noted before and after the mean is taken. 
The two rods after being divided, must be duly compared with each 
other, being firmly tied together and laid on a smooth table, 
planed exceedingly true. The comparison with the Steel Chain 
requires, that the latter should be fairly stretched with a weight of 
about 19]bs., and due allowance made for the expansion of the 
metal, which has been found to be 0075 inches for every 1° of 
Fahrenheit on 100 feet. The employment of the Chain in mea- 
suring @ Base Line not only occupies an immense period of time 
in the operation itself, but still more so in the preparation of coffers 


and stands, which latter require elevating screws and are not to 
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be made without extreme difficulty, in most of the situations in 
which Surveyors find themselves in this country. An expeditious 
method, and one requiring hardly any apparatus, is to drive stout 
pickets into the ground at distances of twelve feet, and with a 
rod of this length, well trussed and furnished with points, forming 
in some measure a large Beam Compass, the exact length may be 
set off from picket to picket. The measurement being conducted 
so near the ground occasions, however, great uneasiness in the 
position, and it is well known how essential an easy position is to 
correct operations of every kind, the plan may, nevertheless, be 
found useful, where only a tolerable degree of exactness is 
necessary. 

The Base Line determined as described above, may be made the 
origin of a series, or of a network of triangles as may be required. 
After the Triangulation has traversed over a certain extent of 
country (say 150 or 200 miles) one of the computed distances, 
when conveniently situated for the purpose, is again measured 
with the same care and attention to minutia as were bestowed on 
the measurement of the original Base Line. The Line measured 
is called the Base of Verification. Its object is by comparing the 
result of the computation with that of the measurement, to check 
the error of the Triangulation. 

After the measurement of the Base Line at 
the origin of the Survey, the next step is the 
selection of the Stations for the Triangulation, 
or the division of the country to be surveyed 
into a series of large triangles, the angles of which are placed at 
Stations clearly visible from each other. 

The most conspicuous Stations are selected as Trigonometrical 
points, and are chosen with reference to their relative positions— 
as the nearer these triangles approach to being equilateral, the 
less will be the error in the resulting sides consequent on any 
slight inaccuracy in the observed angles; but this being difficult 
in practice, the rule is to admit no angle under 30° or above 90°. 
The main series of the Triangulation should consist of triangles 
as large as the natural features of the country will admit of— 
from 15 to 20 miles is a very convenient distance for Principal 
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Stations in hilly countries, because objects can be seen at such 
distances without much difficulty in ordinary conditions of the 
atmosphere. If, as is frequently the case, the highest peaks are 
inaccessible, it will be necessary to adopt a lower point, although 
the greatest effort should of course be made to reach the summit 
when practicable; in the case of a lower point being used, care 
must be taken that the view is clear in the direction of the 
Stations in advance. 

It is the practice to mark all spots where angles are taken, 
whether they be Principal or Secondary Stations. The mark isa 
dot with a concentric circle cut on stone by means of a pointed 
chisel. If the mark can be engraved on the rock én situ, so much 
the better, otherwise a large stone, properly marked, ought to be 
buried in the ground; over this a small platform is raised, on the 
summit of which another markstone is inserted, and fixed truly 
vertical over the lower one. The distance between the two marks 
should be recorded, but all measurements and observations are 
usually referred to the upper mark and are stated to be so. 

Sometimes, on account of intervening obstacles, it is necessary 
to raise the platform to a considerable height, in which case several 
markstones are always inserted and their relative heights recorded. 

For Principal Stations it is necessary to make that part of the 
platform, on which the instrument stands, separate and distinct 
from that on which the observer and his assistants walk. The 
instrument is then said to 
be “ duly isolated.” Unless 
this precaution be taken, 
good angles cannot be ex- 
pected as the instrument 
will be liable to irregular 
disturbance, according to 
the position of the observer. The annular space between the 
observer’s stage, and the central pier, should be filled up with 
gravel, or sand, otherwise screws and other parts of the apparatus 
may be lost. Besides the upper markstone it is usual to imbed on 
the pier three picked flat heavy stones for the tripod of the in- 
strument to stand upon, these are called “feet stones.” It is not 
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usual, if it can be avoided, to make isolated platforms at Secondary 
Stations; in localities where the ground is very unsteady, such as 
deep black cotton soil, it may be practicable to steady a Theodolite 
by using pickets 4 feet long, and driving them into the ground, 
for the stand of the Theodolite to rest upon, as described before at 
page 305. The pickets isolate themselves for at least one foot in 
driving, but this precaution can only be taken at a new Station, 
otherwise the mark would be disturbed. 

As soon as all the observations have been taken at, and to, any 
Station, and it is no longer required for the purposes of the Trigo- 
nometrical Survey, it should have the pole and brush and pile of 
stones erected on it, as shewn at page 368, in order that it may 
be visible to the detail Surveyors. This precaution has the further 
advantage of protecting the markstones. 
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As the measured bases average from 54 to 74 miles, it will per- 
haps be useful to point out a convenient method of deriving by 
means of symmetrical triangles, sides of continuation of 15 to 20 
miles in length from a comparatively small measured distance. 

On reference to the annexed sketch, which is extracted from Col. 
Everest’s plan of the Great Arc Series, it will be seen that the first 
triangle formed upon the measured base is nearly isosceles. If it 
had been perfectly isosceles with an angle of 30° at the vertex, then 
the two longest sides which can be derived simultaneously from a 
given distance would have been obtained: a result, which it will be 
perceived has been approximated to as nearly perhaps as the confi- 
guration of the country would have allowed, by the first triangle 
in the sketch. 

Again, upon one of the long distances (east end Base to Banog) 
furnished by this triangle, triangle No. 2 is formed, the base where- 
of (134 miles in length) being opposite to the smallest angle, the 
other two sides respectively measure 18} and 20¢ miles. The 
longer of these distances (Amsot to Banog) the extremities of which 
being defined by high peaks, forms therefore a convenient base of 
continuation, for the extension of the Triangulation to the north 
and south as may be required. 

The signals used for Trigonometrical Surveys in former times 
were— 

Bignals, Ist. Flags. 
2nd. The Pole and Brush. 
érd. Blue Lights. 
4th. Vase Lights. 


Flags are unfavorable for distant Stations, because the Staff can- 
not be seen, and the cloth is of course blown aside by the wind. The 
flags for Principal Stations used to be 12 feet square, one half 
being blue and the other half white. Those for secondary Stations 
are 6 feet square. The blue and white cloth should be placed one 
above the other, and not side by side. The pole and brush is erected 
thus. A long straight pole is selected, upon the top of which a 
brush of twigs is fastened ; the pole is placed truly perpendicular 


over the Station mark, and a pile of stones raised round it, by means 
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of which it is securely fixed. The 
diagram in the margin will give a 
clear idea of this signal, which 
is a very economical and useful 
opaque object for day observation. 
The pile of stones may be 5 or 6 
feet high and the pole about as 
much higher. 

Blue lights are very powerful 
and can be seen at distances of 50 
or 60 miles. They are also useful <4 
at nearer distances in hazy 
weather, when other signals are not visible ; if not carefully sheltered 
from the wind by grass screens, the flame is liable to be blown aside. 
On this account it was the practice of Col. Everest, the late Surveyor 
General of India, to burn them behind an iron screen, in which an 
aperture had been cut 3 or 34 imehes in diameter, and the centre 
thereof was duly plummed over the Station mark. The blue light 
fastened on the end of a stick, was held carefully behind this hole, 
and no part of the flame could therefore be visible to the distant 
observer, except through the circular aperture, which having been 
adjusted over the Station, ensured accuracy. 

Blue lights being expensive articles cannot be kept constantly 
burning, but are fired at regular intervals of time by an assistant. 
They are usually cut in lengths to burn about 4 minutes and are 
fixed at 5 minute intervals, which enables the observer to read off 
the observation, and also to observe and read off the referring lamp. 
After every second or third blue light a longer interval of say 10 
minutes or } of an hour is allowed to elapse, in order to allow time 
for changing zero of the instrument, which will be described here- 
after. To prevent confusion blue light angles are always taken 
with a referring lamp as shown in the diagram. Supposing for 
example the observer is at A and has to observe B, C, D, E, by 
means of blue lights, a convenient mark is selected at say R about 2 
to 8 miles distant, and a lamp is constantly burned there, during the 
time of night observations, and during the day a flag staff, or sight 
vane is used. Suppose the blue lights are first fired at station B, 
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then after every intersection of Station B, 
the readings are noted, the Telescope is then 
turned to R and the readings thereof noted, 
whence the angle BAR is deduced by direct 
observation. Similarly at another period of 
the same night, or the next night, the 4 CAR 
is taken, and so forth, whereby the 4 BAC 
may be deduced by theequation BAR —CAR 
=: BAC. The angle CAD by the equation 
CAR -++ DAR = CAD and s0 on. It is a 
rule, that if any portion of the series of 
angles is taken with a referring lamp, the whole are to be taken in 
the same manner, otherwise confusion would arise; also in taking 
the series of observations required for determining CAR, the read- 
ings of R must always be the same within a minute or two, with 
the view of measuring the angle BAC, on entire arcs of the limb 
agreeably to the system practised in the Great Trigonometrical 
Survey, explained in the subsequent part of this Chapter. 

Vase lights were invented by Col. Everest nearly 30 years ago 
and completely altered the operations of the Great Trigonometrical 
Survey in India, which had previously to be carried on in the un- 
healthy season of the rains, in order that the opaque signals, such 
as flags, might be clearly seen. By enabling observations to be 
rapidly taken at night, the progress of the work was also much 
accelerated. . 

The vase light consists of a common earthen dish about 10 inches 
in diameter, (more or less according to distance,) and filled with 
cotton seeds and common oil. This is 
placed upon the station, and to prevent the 
flame being blown aside, a large earthen 
pot in the side of which an aperture has 
been cut is inverted over the dish, as shewn 
in the diagram, an aperture is also cut inthe 
top to allow the smoke to escape. Further 
protection is necessary from high wind, 
by means of grass screens and blankets, leaving merely the requisite 
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opening in the direction of the observer. The materials for this 
light are procurable in nearly every yllage. 

Trigonometrical operations in Southern India were entirely con- 
ducted by means of the foregoing signals, more especially the vase 
light for Principal Stations, and the pole and brush for Secondary 
Points. During the last 17 years however, signals of modern in- 
vention have been employed on account of their superior economy, 
convenience and power. These consist of Heliotropes, Argand 
reverberatory lamps, and Drummond lights. The latter surpass all 
previous contrivances : a ball of lime, about a quarter of an inch in 

_diameter, placed in the focus of a parabolic reflector, and raised to 
an intense heat by a stream of oxygen gas directed through a flame 
of alcohol, produces a light eighty times as intense as that given 
by an Argand burner, and is visible even in hazy weather at a dis- 
tance of 60 and 80 miles. 

The Heliotrope consists of a 
circular piece of flat plate glass 
mirror, about 9 inches in diameter, 
with a small unsilvered aperture 
in the centre about 0.1 of an inch 
in diameter as represented in the 
figure. This mirror is mounted 
on a frame which stands ona 
tripod for the sake of steadiness. 

The frame admits of the look- ) 3 
ing-glass being turned on a horizontal axis as well as on a vertical 
axis. These two motions in altitude and azimuth are regulated by 
means of rack work, and they permit the reflection of the sun’s 
rays to be turned in any required direction. In order that it may 
be directed truly to the observer, a ring with cross-wires, is placed 
at a distance of about 3 feet; the signal man then looks through 
the unsilvered aperture in the centre of the Heliotrope and moves 
the cross-wires until they intersect the distant station. Thus the 
centre of the Heliotrope, the centre of the wires, and the observer’s 
station form one right line. Now, if by means of the rack work 
the mirror is moved in altitude and in azimuth until the sun’s 
rays fall on the wires, it is evident that the light will proceed straight 
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to the observer’s Station; but the pencil 
of rays must be duly bisected by the 
wires, which intersection can be managed. 
with ease and delicacy, by means of a 
little circle of white paper placed at the 
crossing of the wires, upon which paper 
the reflection of the little aperture in the 
centre of the mirror may be seen like a 
small dark speck. When the weather is 
hazy, the signal man will of course be 
unable to see the observer’s station, in 
which case, unless a nearer mark has been given to guide him or a 
directing line has been drawn for him, he will be so far helpless. 
Under such circumstance, the observer ought to direct one or more 
Heliotropes towards the man and keep them playing until he has 
adjusted his apparatus. Similarly, if the man is careless and neglects 
to keep the sun’s rays constantly shining in the true direction, the 
observer has only to flash a Heliotrope at him, to keep him alert. 

A Heliotrope of 9 inches, will answer for 90 or 100 miles; for 
nearer distances it is much too bright to be observed through a 
Telescope, and the light must -be diminished in the following pro- 
portion. For distances of 2 or 3 miles (the usual distance of a 
referring mark) an aperture of 0.25 of an inch will answer, and for 
longer distances about 0.1 of an inch of aperture per mile of dis- 
tance will suffice, viz. an inch for ten miles, 2 inches for 20 miles, 
and so on, provided always the apparatus is carefully adjusted and 
the man, who works it, is alert and skilful. 

These apertures are cut in a board which stands upon 3 feet (as 
shewn in the figure) by means of 
which the centre of the aperture can be poy 
adjusted plumb over the Station mark. 
This board is called a Sight Vane, and 
stones are placed on the tail piece to 
prevent its being disturbed by the ac- 
tion of the wind. If this sight vane 
be used, the wires before described are unnecessary, because cross- 


hairs can be fixed in the vane, and will become a substitute for the 
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wires. The Heliotrope is in this case placed 2 or 8 feet in rear of 
the Sight Vane, and moved laterally and vertically, until the eye 
applied tothe centre unsilvered dot, views the observer’s station and 
the cross-hairs in one line. The Heliotrope must be secured in 
this position, and the means of doing so will readily suggest them- 
selves. It is needless to say that it must be quite firm. 
A very good substitute for a regular Heliotrope has been fre- 
quently made out of a good looking- 
glass, with a flat surface. A small 
hole is drilled through the centre of 
the back board of the looking-glass and 
the silvering scraped off. This aper- 
ture should be truly centrical. The 
looking-glass is then swung in aframe  [ 
of wood in such a way that the axis of 
motion shall pass through the unsilvered aperture. This frame is 
fixed upon a vertical axis which ought also to coincide with the 
unsilvered dot in the mirror. Finally, the vertical axis is planted 
on a board with 3 foot screws for adjustment. They have been 
frequently used with success, on the subordinate series of the Great 
Trigonometrical Survey as well as in the Revenue Survey, and being 
powerful as well as economical instruments, they will be found very 
useful. By means of them and vase lights, work can be carried on 
with great rapidity, because the only limit to the times at which 
observations can be made will be from 9 o’clock a. m. to 24 or 3 
o’clock P.M. But the Heliotrope is more particularly recommended 
for the purpose of taking vertical angles with certainty between 
the hours of 22 and 37 afternoon, which is the time of minimum re- 
fraction, because verticals taken at any other times are subject to 
great irregularities, whereby heights deduced from them are nearly 
worthless. Luminous objects are much more correctly, rapidly, 
and comfortably observed than opaque ones, which if distant, are 
always faint, and disappear when brought near the wire of the 
Telescope. 
In advancing the Field-work, it is necessary that 
Poveaaraps§ the angles be read on the whole limb of the Theodo- 
lite, for thus the error of graduation is obviated. It 
is also to be borne in mind, that the real basis of all angular mea- 
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surements is the graduation of the Theodolite. Suppose a 12-inch 
Theodolite is used, and the sides of a Triangle are about 10 miles, the 
chord of the angles on the Theodolite will be little more or less than 
6 inches, and the accuracy of the angle depends on the graduation 
defining this chord with great precision. The space on the Theo- 
dolite in fact, represents in miniature the actual space in the Field, 
hence the necessity for great care when angular measurements are 
concerned. From this follows the necessity to change zero, and to 
take care that the Theodolite is an absolute fixture ; the least shake 
in the ground ruins the angle. The instrument must be placed on 
firm ground, such as rock, or other methods adopted for isolating 
the instrument from the observer. On account of the want of 
firmness and immobility of the folding stands for 7-inch and 
smaller sized Theodolites, they have now been discarded both from 
the Trigonometrical and Revenue Survey departments, and braced 
tripod head-stands substituted as described in page 115. These 
also form a good stand for the plane table or drawing board, so that 
after the angular work is completed, the Surveyor can sketch in 
the ground. A good 7-inch Troughton and Simms’ Theodolite 
mounted in this way, and always placed on firm ground, unshakable 
by the observer, will give excellent work for minor triangulation, 
provided proper signals are used. 

All observations taken to elevated objects are subject to two 
great sources of error, arising from dislevelment of the transit 
axis, and want of adjustment for the collimation. These causes 
of error are generally large in small instruments, and although 
capable of practical adjustment and rectification, still adjustments 
do not long remain, hence the system of observation should have 
the property of cancelling all such residual errors. This system 
is merely change of face, «. ¢., observing alternately with the 
vertical face to the right and left, whereby the errors of collima- 
tion and dislevelment of transit axis are completely eliminated. 
Too much regard, cannot be paid to this principle in all horizontal 
angles, whether to elevated or non-elevated objects, for as it is 
easily practised, so is the effect complete. No confidence can, in 
fact, be placed in observations on a single face, unless there be 
evidence of the perfect adjustment of the instrument, and such 
evidence is never forthcoming. 
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The angles at a Station are taken thus, supposing the observer 
at A, and the signals, at B,C, D and E, are 
all visible, the instrument is carefully levelled 
and adjusted, and so fixed that some Station, 
B, for instance, reads 0 or zero, then B is 
called the zero point. Suppose the Telescope 
to be brought up from the left hand of B 
and turned gently, so that B may enter the 
field of view and come near the centre wire, 
but not pass over it. Then clamp the instru- 
ment and complete the bisection of B by using 
the tangent screw of slow motion. Read off 
all the micrometers or verniers, and let an assistant record the 
readings in a fair legible hand in the angle book. ‘Look again 
into the Telescope and see that B remains bisected; if found 
correct, then carefully unclamp and move the Telescope gently 
towards (©, taking care not to overshoot it; Clamp, bisect, and 
read off as before, and so on for D and E. A complete round of 
observations at zero 0, taken by a continuous motion of the in- 
strument from left to right, will thus be obtained. Now over- 
shoot the Station E, and bring the Telescope back by a continuous 
motion from right to left, observing each Station in succession 
and recording the readings; this will give a second set at zero 0, 
which will suffice. It is the practice of the Trigonometrical 
Survey, to make always one repetition at least, in order that 
mistakes may not creep in, and pass undiscovered. 

Now turn the Telescope over 180° in altitude and round 180° 
in azimuth, so that if the face of the vertical circle were previously 
to the left hand, it will now be to the right hand of the observer, 
B will then read 180°, and this is called zero 180° FR, (face right) 
the former position being zero 0° FIL, (face left.) Proceed as 
before and take two sets of observations, the motion of the 
instrument being in one set continuous from left to right, and in 
the other from right to left, as before. 

Now if the instrument be supplied with an uneven number of 
micrometers, 3 for instance,* it is clear that at zero 0 the readings 


* Tho great or 24-inch Theodolites have 5 microscopes. The 18-mch instruments 
have 3 microscopes, and the 12, and 7 and 5-inch have 3 verniers, 


B 
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will be at 0°, 120° and 240°, while the readings at zero 180°, will 
be at 180°, 300°, and 60°, whereby these two zeros give readings 
at every 60° of the limb. It is the practice on the Great Trigono- 
metrical Survey to take observations at every 10° of the limb for the 
purpose of eliminating errors of graduation. This object is accom- 
plished by shifting the body of the instrument, so that the zero 
station may successively read 0°, 10°, 20°, 30, 40°, and 50°, which, 
with the respective opposite faces, viz., 180°, 190°, 200°, 210°, 
220°, and 230°, gives every 10° of the limb as required. 

When two observations of the same angle are made in the way 
described before on any part of the limb, they will occasionally 
exhibit a difference much greater than will be warranted by the 
power of the Theodolite used. When this happens, it is custo- 
mary to take a third, a fourth, and sometimes even a fifth observa- 
tion on the same zero, so that the mean result may be affected as 
little as possible by the discrepancy above adverted to. 

Whatever, however, may be the number of observations made 
on any part of the limb, their arithmetical mean is computed and 
treated as an integral observation. For an angle therefore which 
has been observed on a given number of zeros, there will be the 
same number of integral observations deduced, the arithmetical 
mean whereof is the true value of the angle. 

It is a fixed rule in the Great Trigonometrical Survey never to 
reject an observation, unless there be some obvious error in it; the 
circumstance of its differing, however widely from the mean, is 
not of itself a sufficient cause for its expunction. 

The extent of operations on a Revenue Survey does not, how- 
ever, call for this extreme precaution, and as the vernier of a 
12-inch instrument is graduated to 10 seconds, and by estimation 
reads 5 seconds, no good purpose would be attained by multiplying 
observations to the above extent, and readings at every 30° 
are sufficient. Upon this principle, the zeros to be adopted are 
0° and 180°, 80° and 210°, whereby, with 2 sets at each, there 
will be 8 sets, from which a good mean result may be derived, and 
a smaller number of observations for primary triangulation of the 
Revenue or detail Survey, would not be satisfactory. 
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It is clearly to be understood that the change of zero should be 
regular, that is to say, that the readings should be uniformly dis- 
tributed at equal intervals round the limb, otherwise, the pro- 
bability of eliminating the errors of graduations will be diminished. 

In the foregoing instructions the signals at all the Stations 
have been supposed to be simultaneously visible, which is fre- 
quently, but not always the case. It is generally so when lamps 
are used at night, but, when Heliotropes are employed, it is 
evident that an eastern Station will be seen with difficulty in the 
morning, whereas in the evening the Heliotropes will shine 
vividly, and vice versd in the case of a western Station, similarly 
there will be great changes in the appearance of flags as the posi- 
tion of the sun varies. Under these circumstances, the observa- 
tions cannot always be taken in regular rounds in the simple 
manner before described. The best plan in this case is to use a 
referring mark, and connect each Station therewith at such times 
as may be most convenient for observation.* This arrangement 
involves the necessity of frequently shifting the instrument so as 
to return to former zeros, and care must be taken that on each 
recurrence, the referring lamp be made to read nearly the same 
minutes and seconds as before. It is usual, but not essential, to 
make the referring lamp the zero Station. If, however, there be 
among any of the principal Stations to be observed, one peculiarly 
well situated, with every probability of being visible at all hours, 
it may conveniently be adopted and treated as a referring mark, 
whereby the extra labor of observing a supplemental point will 
be saved. 

The observations are to be recorded in a book, the method of 
keeping which will be understood from the subjoined specimen. 
The headings of the different columns are so explicit, that no 
further explanation of them appears necessary. The written 
characters L and R in the column entitled “face and zero,’’ mean 
face left and face right, alluding to the position of the vertical 
circle; and the figures 0°, 180°, &c., annexed to those characters, 
refer to the zeros. 


* The method of deducing angles when a referring mark has been made use of, has 
already been explained at page 369. 
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The angle book should on no account ever be suffered to fall in 
arrears. The original should be examined by two computers, and 
attested by their signatures, and the name of the observer should 
be recorded. The duplicate should be compared with the original 
by two persons and likewise attested by their signatures. It isa 
standing rule in order to exclude errors, that all computations and 
comparisons should be performed independently by two persons, 
and attested by their signatures, and unless such precautions have 
been observed, the results are considered untrustworthy as final 
work. 

It is convenient to keep an Observatory Memorandum Book for 
the purpose of registering all sorts of remarks, and it is usual to 
insert in this book the results of observations, as they are taken, 
in order that the observer may be able to see at a glance how the 
work is progressing. 


[PART IIL. 


CHAPTER XVII. 


Tae Computation or GEODETICAL TRIANGLES. 


Wrrs respect to the angles thus observed, and the triangles 
formed from them, they are not, rigorously speaking, plane, but 
spherical, existing on the surface of a sphere, or rather, to speak 
correctly, of a spheroid. In small triangles, of six or seven miles 
in the sides, this consideration may be neglected as the difference 
is imperceptible; but in larger ones it must be taken into con- 
sideration. 

“It is evident that as every object used for pointing the tele- 
scope of a Theodolite has some certain elevation, not only above 
the soil, but above the level of the sea; and as, moreover, these 
elevations differ in every instance, a reduction to the horizon of 
all the measured angles would appear necessary. But in fact, by 
the construction of the Theodolite, which is nothing more than an 
altitude and azimuth instrument, this reduction is made in the 
very act of reading off the horizontal angles. 

‘Let E be the centre of the earth; 
A, B, ©, the places on its spherical 
surface to which the three stations, A, 
P, O, in a country are referred, by 
radii EA, EBP, ECO. If a Theodo- 
lite be stationed at A, the axis of its 
horizontal circle will point to E when 
truly adjusted, and its plane will be a 
tangent to the sphere at <A, inter- 
secting the radii EBP, ECO, at M 
and N, above the spherical surface. 
The telescope of the Theodolite, it is 
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true, is pointed in succession to P and O; but the readings of its 
azimuthal circle give,—not the angle PAO between the directions of 
the telescope, or between the objects P, O, as seen from A, but the 
azimuthal angle MAN, which is the measure of the angle A of the 
spherical triangle BAO.” 

«« The true way then of conceiving the subject of a Trigonome- 
trical Survey, when the spherical form of the earth is taken into 
consideration, is to regard the network of triangles into which the 
country is divided, as the bases of an assemblage of pyramids con- 
verging to the centre of the earth. The Theodolite gives us the 
true measures of the angles included by the planes of those pyra- 
mids; and the surface of an imaginary sphere at the level of the 
sea, intersects them in an assemblage of spherical triangles, above 
whose angles, in the radii prolonged, the real stations of observation 
are raised by the superficial inequalities of mountain and valley.’”* 

Having shewn that the triangles described upon the surface of 
the earth are spherical triangles, we will now proceed to lay down 
the rules by which they may be computed. 

One property of a spherical triangle is, that if its three angles 
were added together, their sum would be greater than 7 or 180°.+ 
Calling therefore 4, B, C, the angles of a spherical triangle, we 
shall have 4+ B+ C=o7-+e. 

The term e by which the sum of the angles exceeds a semicircle 
or »w, is called the spherical excess of the triangle. 

On a little consideration it will be evident that the computation 
of the spherical excess of a triangle is a circumstance of great mo- 
ment, for unless that term be known, the accuracy with which the 
angles have been observed, can never be ascertained, nor, as it will 
afterwards appear, can the triangle itself be computed as a spherical 
triangle. 

The rigorous formula as established by writers on spherical 
trigonometry, for the computation of the spherical excess is 
this :— 

* Herschell’s Astronomy. 
+ Bamsden’s large Theodolite, three feet in diameter, was the frst instrument by 


which this excess, called the spherical excess, was observed. It is always a minute 
quantity, seldom exceeding 4” to 5” in the triangles used in geodetical operations. 
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Ton he= tan3b. tanjc. sin A 

1 +} tanjd. tande. cos A 
in which } and ¢ represent the two spherical sides, the former being 
opposite to B and the latter to C. 

Although this formula for the spherical excess possesses a neat, 
and compact form, it is far from being susceptible of an easy arith- 
metical computation, particularly when it is applied to such 
triangles as those presented by a Trigonometrical Survey of an 
ordinary description. To adapt the formula therefore to this 
exigency, it will require to be evolved into a series. This done, 
and putting r for the mean radius of the earth, the value of ¢ in 
seconds will stand as follows : 


be sin A cosec 1" 





é= 2 
b'c sin A cosec 1" 
+ 
be sin A cosec 1" 
+ 94 
b’.csin 2.4 cosec 1" 
16 s 





In this series the first term is only effective, and the other terms, 
being very minute, may be thrown out of consideration. Supposing 


6 and ¢ to be given in terms of some linear unit, it is evident that 


5 = will represent the area of the given spherical triangle 





computed as a plane one, such an area therefore multiplied by the 
constant ratio soneg will give the spherical excess in seconds. 

In practice, however, the distances 5 and c are rarely known, the 
given elements being generally one side a, and the three angles 4, 
B, and O. If, therefore, the area of the triangle be required in terms 
of these elements, it will be equivalent to-28@ 7 sm © 

2 sin A 

The computation of the spherical excess of a triangle does not 
demand, that its angles and sides should be known to any degree of 
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nicety. It will be sufficient if the former are taken at their observed. 
values to the nearest second : altering these values when required 
by equal amounts to make their sum antount te *. Either from 
these data, or from the sides derived therefrom, the spherical excess 
may be deduced, which will be true to within the limits of soopracy 
usually required in practice. 

As an example of the computation of the spherical excess take 
the 28rd triangle from p. 261, of Colonel (then Capt.) -Everest’s 
account of the measurement of the Great Indian Arc, published in 
1830, assuming the mean Radius of the Earth to be 20888153°2 
feet, which is the numerical value of r, in the formula before 
given. 


Yemsha to Shevalingapah a= 186352°62 feet 


Log. 5: 1346620. 
i. 4 
Stations HL Observed Angles. a3 sage raga i ig 
Be 
Yemsha..... Cc 70 66 45966 | 41 9 9755256 


Shevahngapah | B 69 4 9423 4 9 9333739 
Yaenagapally.| A 49 69 20667 | 16 9 8841744 





Yaenagepally to Yemsha Dace cease {ioe "| gagapas 


6°1838615 

e 
7 . ams Feet seeae 168273 
Ditto to Shevalingapah. .. Omocecicccess {Toe . -- | 62260182 


[PART UL. 


385 


Spperica, Excess Compuren. 


First Process. Second Process. 
Log. 3 .. 61838616 Log. « {5 1846620 
Log-o =... ~—- 6 2260132 fe ees 5 1346620 
Log sm 4... 1°8841744 Log sin. B. . 19888789 
A C.Loge2 — ..cceee 1 6989700* ' Log stn C 1 9756256 
Log. cosec 1”. 6 3144251 Log. cosec 4 0 1158256 
Pere 8°6800999 A, C, Log 2 ..cccesee 1 6989700" 
o & r = # e 
8 5 6800999 Log. cosec 1”... 53144251 
68009 
Log ¢ 0 6676440 AC. Lge se ceves. { eet 
8 6800999 
e =4 662 Log 0°6676440 
e= 4°652 


Now let A’ be the observed value of A, B that of B, and C’ that 
of C; it is evident that 4’ -+ B+ C will never be equal to 
x + ¢ but will either be in excess or in defect of this amount. 

This last circumstance may be expressed algebraically in the fol- 
lowing manner 4’ -+- B + C’ = + e — ein which r+ 
standing for the true sum of the angles, « will be the error of 
observation. 

In the triangle given above, the sum of the three angles 


=: « + 15:956 and e = 4652. Therefore « = 11-304. 

It is clear that nothing certain can be advanced as to the origin 
of this error. It may be that the signals were not properly centered, 
or that the graduation and the adjustments of the instrument were 
imperfectly executed ; or lastly, that there was a peculiarity or a 
defect in the eye of the observer. All these circumstances may 
have operated separately, or in combination, to produce the discre- 
pancy under consideration. 

Supposing, however, that the three angles of the triangle have 
been taken with the same instrument, and with the same care, and 
by the same observer, it is extremely probable that each is liable to 
an equal amount of error. If this be admitted, it will follow that 

* It greatly facilitates computation by combining these four Loganthms into one 
gum, and treating it as a constant Log. 
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the best way of expunging «, is by apportioning it equally amongst 
the three observed angles. 

If the angles of the triangle before given are corrected by this 
process, they will stand as follows : 


Stations Observed Angles 


56 45°966 56 42198 
Shevalingapah ... 4 o-d23 4 65655 


Yaenagapally.... 59 20°667 59 16°799 


O 15956 0 4652 





The angles given in the last column, are called spherical angles. 
Their sum amounts (as it ought todo) to -+-e. After the observed 
angles have been reduced to their spherical values, the computation 
of the geodetical triangle may be taken in hand. 

Of the different deductive processes established by different 
writers for the accomplishment of this object, that laid down by 
Le Gendre, possesses superior advantages on the score of its simpli- 
city, expedition and accuracy. It is based on the assumption that 
the sides of a geodetical triangle which may be presented for com- 
putation, are very small in comparison, with the radius of the earth ; 
and it has been discovered by actual calculation, that a triangle 
whose sides do not exceed 450 miles, may be deduced by Le Gendre’s 
Theorem, without producing an error of one foot in the result. 

This Theorem for the computation of a geodetical triangle may 
be stated as follows :—From each of the spherical angles of the tri- 
angle, deduced as directed in the former part of this chapter, deduct 
one-third of the spherical excess. With the angles so diminished, 
compute the sides of the triangle by the rules of plane trigonometry, 
these sides (such is the result of Le Gendre’s investigation) will be 
equivalent in length, to the spherical sides of the given geodetical 
triangle. It may be added that when the spherical angles of a 
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geodetical triangle are diminished by one-third of the spherical ex- 
cess, they are called angles for computation, and that their sum 
must obviously amount to 180°. 

In the Great Trigonometrical Survey of India, Le Gendre’s Theo- 
rem is made use of in the computation of the principal triangulation 
As an example of which, let us take the triangle before given. 


Yemsha to Sheoalingapah = 186852'16 fect, Log. 5°1846620. 











Spherical les for Deduced 
Stations. Ingles cain: Sines. sides 
Yemsha 70 56 42:198 70 56 40°647 9°9755253 
Shevalingapah 59 4 5:655 59 4 4-104  9:9333740 
Yaenagapally .| 49 59 16-799 | 49 59 15249 9-8841748 
| 152707:77 
Feet..... 
Yaenagapally to Yemsha .. - 5°1838612 
og. eoeene 
168272°23 
Feet...... 
Ditto, to Shevalingapah 5°2260125 
Log...... 
CoMPUTATION OF THE SIDES EXHIBITED. 
First Side. 
Yemsha to Shevalingapah Soe waarmee Soaees Log. 5 1346620 
Z Yaenagapally ........ : .- cosec.orA C ofsam. 01168252 
Z Shevalingapah wate Sar Btn. thence oooh, 9 9333740 
Log.  5°1888612 
Yaenagapally to Yemsha ........ ee ‘ . ¢ Feet, 15270777 
Mules, 28'922 
Second Side. 
Yemsha to Shevalingapah ae ee Log. 61346620 
Z Yaenagapally .. ...... . .cosec or A, C.of sm. 01158252 
Z Yemsha ....... « eeuccccces ace SIM, 9 9755253 
" Log. 6 2260126 
Yaenagapally to Sheyalmgapah | Feet, 168272 23 
Miles, 31 870 
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The process of computation described in the foregoing pages is 
applicable to the principal triangulation of a series. In the deduc- 
tion of the Secondary Triangles however, such for instance as those 
for a Topographical Survey, all this attention to minutim is never 
required ; it being sufficient to consider these as plane triangles and 
compute them accordingly. 

There is only one circumstance connected with the deduction of 
Secondary Triangles, which stands in need of some explanation at 
this place. In some Secondary Triangles, only two angles are ob- 
served, and in others all three. In the former case the two angles 
are added together, and the sum is deducted from 1, the resulting 
difference is the third, or the supplemental angle. In the latter 
case the sum of the three angles is compared with w, and if any 
difference exist between the two amounts, it is apportioned equally 
amongst the three angles, employing the angles so corrected in the 
computation of the triangle. 

The following examples extracted from the Report of the Great 
Trigonometrical Survey, will illustrate these methods of computation. 


Pirer to Paniari = 15441°8 feet, Log. 4:1886970. 


Apportion- 
iret of Angles for 
Error. 


Computation 


{ 
63 26 575 | + 1-4 s 58 06 69 9 9048965 
70 9 440 | +15 | 70 9 45 | 9-9734309 
56 23 142 | + 14 | 66 23 16 


179 59 55:7 | 4°3 | 


174416 
4°2415868 
14895:4 
4.1730511 
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Paniari to Mirpur = 14895°4 feet, Log. 41780511. 

















Apportion- 
cum mets |togete | ome | Mo 
Error. 
Panieri....| 94 61 18 | ... .. 94 51 18 | 9-9984390 
Mirpur... | 22 29 38 | ...... 22 29 88 | 9-5827278 
Tajpur Vil- )| Supplemental |} ...... 62.39 4 | 9-9495233 
F Angle. 


eeoeonee o8 | ®@®sp@ee0u08 ff @vvr wv {| @eeeBoeee 


Feet .... 6416 
Log. .... | 3°8072556 

Feet .... 16710 
a ces e | 4°2229668 


Tajpur to Paniari ....... Vets biases Koa 


Ditto to Mirpur ........ sseseescsess 
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CHAPTER XVIII. 


Tae Compuration oF Latrrupes, Lonerrupes anD AZIMUTHS 
or TRIGONOMETRICAL STATIONS.* 


Ler A and B be two Trigonometrical Stations. The latitude 
and longitude of A, together with the distance of A to B at the sea 
level, and the azimuth of the line as appears to an observer at A, 
being given, it is required to deduce the latitude and longitude of 
B, and the azimuth of the same line B.A as appears to an observer 
at B. 

The symbols which are usually made use of to represent the ele- 
ments given, as well as those required, are as follow : 

Elements given. 

» Latitude of A 

L Longitude of ditto 

A Azimuth of B from At 

C Distance from A to B. 
Elements sought. 

N Latitude of B 

L' Longuude of ditto 

B Azimuth of A fiom B 

Of the foregoing seven symbols, two only, namely A and B, 
which stand for azimuths, require some explanation. In the Re- 
venue Survey the origin of the azimuthal arc is placed in north, 

whence it proceeds by east to south, and thence again it returns by 
west to north. This is the common mode of reckoning the azimuth. 
* The Tables given m this Chapter to facilitate the Computation of a Trgonome- 


trical Survey, and the projection of Maps, have becn computed and extended by Babu 
Radanath Sickdhar, Chief Computer, published 1851 


+ The method of deriving the fect or fundamental azimuth at the ongin of the 
triangulation, will be found in Part V 
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In the formule which will be given hereafter, the azimuthal arc 
will be taken to commence from south, and to proceed by west and 
north, round the whole circle of the horizon, as observed in the 
Great Trigonometrical Survey. According to this view the azimuth 
of west will be 90°, that of north 180°, and lastly, that of east 270°. 

It is necessary to mention at this place that there are two solu- 
tions of the problem under consideration, the spherical and the 
spheroidal. In the former the earth is supposed to be a sphere, in 
the latter it is taken as a spheroid. In this work we will adopt the 
spheroidal solution in the first place, because it is more consonant 
to truth than the other, and secondly, because the process of com- 
putation it gives rise to, has been arranged by Col. G. Everest, late 
Surveyor General of India, into a form which is susceptible of easy 
and convenient application to survey operations. 

In the computation of the Great Trigonometrical Survey of India, 
the dimensions of the earth supposed to be a spheroid are taken at 
the following values : 

Axis Major a = 20922931°8 feet 
Ditto Minor 6 = 20853874°6 _,, 

These elements are derived from a comparison of the Dodagontah 
arc, comprised between Punnz and Kalianpur, measured prior to 
the year 1826, with the French arc beginning at Greenwich and 
ending at Formentera. 

On. a slight consideration it will be evident that if the differences 
(x -a), (L’-L), (B- +- A) could be computed by any process, 
», LD and B could be easily deduced therefrom. 

For instance supposing ’ — 4 = Ad, [—L = AL, and B— 
(7 + A) = OA, we shall have X =A+ MO; L=—L+AL; 
and B= (r+ A)+ AA. 

The reason why these differential quantities A’, AL, AA, are 
computed in preference to », Z and J, is, that the former are sus- 
ceptible of easier and more accurate deduction than the latter. 

On reference to pp. 161 and 169, of Col. Everest’s account of the 
Indian arc published in 1847, it will be seen that the values of 4A, 
AL, and 4A come out in infinite series. These series are rapidly 
convergent : Col. Everest uses only the first four terms and omits 
the others on account of their minuteness. For the purposes of this 
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work, however, the first and second terms are all which will be 
required, the third and the fourth terms which are retained by 
Col. Everest being too minute to merit attention at this place. 

Limited to the 2nd term, the formule for the computation of 
latitudes, loggitudes and azimuths as arranged by Col. Everest, are 
as follow : st 


For Latstuda, ~ For Longitude. For Azimuth. 
é,~=P. cos A.¢ 3,2—=6,\, Q. secd.*tan A 6,4-—-6,Z. sin A. 
éA—6,4. R. sin Ac &L=—=8y. 8. cot A 6,A—6,1L, T. 

an which 
8,A-- 8A=AA 8D--3,0=AL, §,.4+64— AA, 


The terms P, Q, R, S, 7'.... which occur in these formule are 
composed. of the numerical values of a and 6 given before, and of 
certain functions of the given latitude » Most of these terms are 
of tedious deduction, on which account it becomes necessary that 
they should be computed once for all, and registered under a Ta- 
bular Form, so as to be ready for use when required. 

Accordingly in the Great Trigonometrical Survey of India, we 
have the table of P, Q, R, .... computed for every 10’ of latitude 
between the parallels of 8° and 35° :— and we will give at the end 
of this Chapter an extract from this table, which will facilitate 
computations by Col. Everest’s formule. 

The arrangement of this table is so simple that it hardly requires 
any explanation. Enter the table with the given latitude > of sta- 
tion A, If » is exactly found in the table, take out P, Q, R,.... 
jast as they stand in a line therewith. This is a very simple opera- 
tion, but the exact agreement which we have supposed to exist be- 
tween the given and the tabular latitude, seldom takes place in 
practice. In most instances the given latitude will lie between two 
tabular latitudes. In such cases take out P, Q, R, .... appertain- 
ing to the next less tabular latitude and correct them in this wise. 
Take the difference between the given and the tabular latitude next 
less, and convert it to the denomination of a minute. The term so 
obtained being multiplied successively by the tabulgr differences for 
P, Q, R, Sand T, and divided by 10, will furnish the required 
corrections, which will be négativo in the case of P, Rand T and 
positive in that of Q and S. 
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P, Q, &, 8, T being computed, other terms of the formule, such 
for instance as cos. 4, tan. A, sec. X, SM. \....+. may be taken 
out from a common table of logarithms. 

? ‘When the terms 6,\, 3, ...... are computed, they will be in 
seconds and decimals thereof. " 

The signs of these terms dependant upon the maine of the 

given azimuth A, may be easily taken out from the following table. 





Magnitude of the given Azimuth 4. 


# 
Soe 
~) 
E 
é 





After proper signs have been prefixed to 6,), °Z :—take the 
sums of 5, and 6..:—of 6,2, and 6,Z :—and of 8,4 and 6,4. The 
three sums so obtained will be the values, the first of 4), the second 
of AZ, and the last of AA. 

Now Ad being applied tor, 42‘ L, and 4A to (x + A) the 
resulting elements will be », and Z and B. 

By way of illustrating the computation of the latitudes, longitudes 
and azimuths of Trigonometrical Stations, we annex an example 
on pages 394-5. 

When a point is determined by a triangle, it ought to have two 
deductions of latitude, longitude and azimuth derived from the Sta- 
tions defining the base of the triangle. For instance, referring to 
triangle at page 387, Yaenagapally may be computed from Yem- 
shaw, as well as from Shevalingapah. In the Great Trigonometrical 
Survey, it is the invariable practice to go through the two deduc- 
tions and compare the results, which when the two computations 
are correctly executed, will be identical. - 


CHAPIER XVIII 


Shevalingapah deduced from Yemshaw. 


Station 4 Yemshaw. 

A=z=18° 51'81"-00 

I=78 1 0-79 
Pp, 3 9962429 
CosA 14651625 

5°1346620 

Sin 2 5960674 
Q 19974090 
Sec X 0 0239624 
Tan A 0-5155059 
3 ZL 3-1329447 
Sin X 1°5095169 
3, A 2-6424616 
R 838079 
Sin A 1-98067 
c 5 13466 
8h 0°13858 
S 0°32241 
Cot 4 1-48449 
3,L 1-94548 
Tt 0°28472 
3,4 0-18020 


394 


Station B Shevalingapah. 
A =73° 1'52"-11 
Log. c= 5°1346620 


— 39452—-—0 6 34°52 


— 1358-14 = — 0 22 3814 


coee te 


439:00 =— 0 7 19°00 


1°38 
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ay = 1:38 
Ay =m=— 0 6 35°90 
% oc £18 61 31:00 
’ = = 18 44 55:10 Deduced Latitude of Shevalingapah. 
6L m— 0 22 3814 
65 s+ 0°88 
AL =— 0 22 87:26 
L = 78 1 079 
L = 77 38 23:53 Deduced Longitude of Shevalingapah. 
44 =m=— 0 7 19-00 
54 =+ 1°51 
A =m— 0 7 17:49 
wrtA= 258 1 52-11 
B =z 262 54 34:62 Deduced Azimuth of Yemshaw from 


Shevalingapah. 
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Lable exhibiting the Logarithmic values of P, Q, R, 8, and T, 
the parallels of 18° and 35° of Latitude. 


q |pm! 8 | vir 8 | 7 Diff, 
a oa 52 o i 104 rc 4410 AH 
2 wa! ft) om | Pm) Bl et | is 
a 9} i aaa | #4! 3518 | Son 

19 0 1 9974138 8 38078 0°82977 0 23218 
10 4is5| 92 7 | } goa | 45) “2929 — 
20 4337 E 7 | 9 soa | 44] 2620 | 388 
40 434i. | 58 3 1 a7 | 4 aos7 | 284 
50 4307 | 58 “| 1 503 | 481 776 | 281 
54 1 48 277 
1 1907445 | 54 | 888078 | og | 8M | 47 | OF iaeg | 275 
20 4560 | 35 7” | 2} 613 | 47 | 0954 phy 
50 4725 | 56 | } rar | 22| o1es | 222 
56 1 49 258 

21 0 1 9974781 8 38068 0°32836 0 19906 
10 4837 | °8 6s | ° ess | 221 ga53 | 255 
20 4804. | 57 ey | } 935 | 57 soo | 251 
30 4951 | 5? eo | } 935 | 59!) iss | 247 
40 surg | 2? 6 | 1 | 033035 | 2°] gon | 24 
50 5067 | 59 ex: | } oss | *2] gees | 243 
56 1 52 237 

0 1 9975128 8 38068 0 381 0 18481 
10 5183 | 90 e | 1 sa 52 an 236 
20 5241 | 58 62 | 9 og | 52) 7963 |} 232 
30 5301 | 6 61 | } oog | 52] 7732 | 231 
40 B36) | °° 6 | } 348 St/ 7508 | 226 
50 5420 a 59 ; 401 a 7289 oat 
23 0 19975480 |g, | 829058 | , | 099455 | 55] 017061 | org 
e pea} él ee 510 | 55| O82 | 216 
4 61 | 4 565 | 55 e526 | 214 
40 B35 a 5} } 676 | 5S] e202 | 20 
57e6| 6 a | 732 | 53) so9g | 208 
° 1 eo75e49 gp | 898052 | , | 038788 | 55 | 0°15787 | one 
63 51 |} oo 846 | 57 | 5585 | on] 
20 sod | 5 | 9 gos | 2%) saeq | 201 
rt ss | S| | 2 | ato | 8} sion | Rt 

48 078 4796 
64 1 60 191 

25 0 1°9976229 838047 0°84138 0°14605 
10 e293 | 8 4s | 197 | 59] “aaie | 188 
20 6359 | fa 45 : 258 oo 4230 7 
30 6423 | 6a 44 : 318 4 4045 aaa 
50 eo} os} 6 3 | | 88 at] 3868 | ito 
65 1 62 178 
2% 0 I 9076619 og | S001 | 034508 | gs | 018505 | 75 
ue 7a. | 87 1 63} 3330 | 74 
ou 3 | } 620 | 63) ise | i 
30 6821 38 692 2985 1 
40 6a8? key ay |} 756 a 9815 iss 
68 3%] 3 820 | 65| 2649 | 167 
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the parallels of 18° and 35° of Latitude.— (Continued 





Dif 
s | Df . 
RnR | Dir 
Q | pg 
X P Diff, 
9958030 $488 012482 | _ 163 
: 0950 | +85 | °gsig [168 
1 9977033 | 16, | 8 38085 “1 se | ie as 
3 I 
27° 0118 29 —101 ve 33 1 0 ol : 66 108 
8 ra | 108 rao, | 69 32 1 149 67 1685 | 354 
a rs | 1 7223 | 69 31 1 216 68 
30 7723 | 0 7 | fe Hy 
40 7619 | 95 7365 | $8 Boe be 
60 7517 106 = an0t0 ; o-as2e4 es is 153 
8 
‘s 1-2977485 | a5 a ae : 
98 0/8 9957411 | joy rss | ae e| 8 : 
ran | i reas | 7 2] 4 559 | 59 9 
: ovs9 | 1% 
30 7095 | 107 wie | to | 
40 6990 | 105 me) i | . ; 
50 6884 | 10g §sso22 | , | 0 35700 n tr rn 
- |e 1 9977857 99 a3 7 f a i 
eB) tt | Ia 2000 | 72 2} 3 914 72 | 9 10090 135 
Bet im i 2 aa od reo | tag euoey 138 
a | I sus | 72 a ie ae are 74 
30 6155 | 108 He m| 
; | i ae 0.09822 | is5 
50 6238 | 310 decal la - : ; | 
~ 1 9978291 79 be 1 zor i es f 
wg) Be | IB sas | 73 14 1 356 75 9304 | jo5 
= gt | sooo | 73 | 3 431 76 9179 | 454 
aol’. cheat 110 aace | 8 un | j ai | i 
4 1 
rr 5601 | 119 8582 i hid 
ese | : ° m7 | 9988 | doy 
ma | 77 | sea | 1 
oa | o | 738 | 78 8692 | 119 
"BS ae | He sseo | 78 07 1 816 re | 8878 | hie 
; ae 75 o | 2 894 | 39 8457 | 335 
20 sth is ie 75 05 : 804 ft 
5 04 
40 soa | 218 9039 i i |e 
eee 8 33002 | 4 0°87055 a0 a | 3 
ee) tye) Bi |i) |B] ae] i 
el “a ii osa0 | 78 = 00 | 1 294 | Bo 7894 | 405 
3 a | ous | 77 8) 1 458 | 9 
40 14 osg3 | 77 rae ee 
: wey a a 007679 | 06 
50 4295 | 335 oe be an 
"9054110 19979636 | 7» ca | a ae: 
EB i Ss i a | } aro | 85] jooa | 102 
10 3 d 
8 met | sonttts i 91 1 0 v4 716 99 
30 s764 | 11 ; i | 
‘ ae 7 8804 007062 | 99 
50 3531 it ba ort 
: 1 887989 | » a7 | : 
o 4} 117 | T o98o100 78 8 : i : as : 
“By BS | ie a6 | 78] + 86 1 ie i le 94 
10 8297 | 337 0256 | 25 85 H ass | $8] Ser : 
20 3180 | 478 osss | 78 Sa | 
30 3oa2 | ie an) is | 4 
40 aoi5 | ie 418 be 
: a y 0 38572 
I 78 | § s7982 
3 119 | T-9980571 
35 0 | 3 9952708 
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CHAPTER XIX. 


Tre ComMPpuraTION oF HEIGHTS. 


To compute the difference of height between two Trigonometrical 
Stations, the elerflents required are derived partly from observation, 
and partly from previous computation. Of the former class, are 
the vertical angles taken at one or both the stations, and the heights 
of the instrument and of the signals used. Of the latter class, are 
the distance at the sea level between the two stations, and the ele- 
vation of one of those stations above the same level. 

The observation of a vertical angle is thus made: the Theodolite 
being placed over the centre of the eye station and properly levelled, 
an intersection is taken to the signal at the object station. The 
micrometers or verniers to the vertical circle, are now read off: the 
mean whereof constitutes one observation on one face. The teles- 
cope is now turned round 180° vertically as well as horizontally, 
and the same signal is intersected a second time. The vertical limb 
being then read off as before, we have the second observation on 
the opposite face. The mean of the two observations made on re- 
versed faces will furnish, cleared of index and collimation error, the 
elevation or the depression at which the signal stands, as seen from 
the eye station. 

When a vertical angle is observed, the time of the observation as 
well as the heights of the instrument and of the signal are noted 
in the Vertical Angle Book, a specimen of which is subjoined. 
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By way of distinction the station whose height is given may be 
called the station A, the other whose altitude is required being 
styled the station B. It is also necessary to premise at this place 
that in the phraseology of the Trigonometrical Survey the distances 
at the sea level, such as those derived from a Trigonometrical 
operation, are called geodetic distances. 

Certain preliminary considerations must now be attended to before 
the computation of height can be taken in hand. In the first place, 
the given geodetic distance will require to be converted into seconds. 
When this operation is performed, the resulting element is called 
the contained arc. The precept for making this deduction is as 
follows :—Add together the logarithm of the geodetic distance in 
feet, and the constant logarithm 3°9935154, the natural number 
answering to the sum, is the contained arc in seconds. 


ExaMPre. 

Take the distance from Yemshaw to Shevalingapah, page 387. 
Logarithm of the distance in feet... ...-. sesees 5 1346620 
Constant Log. ie, =n ; 3 9985164 
Contained Arc = ~ims" isee? Tepe eactuae Log 8 1281774 


Again the geodetic distance as it stands cannot be employed in 
the computation of height ; it will require to be reduced to the level 
of station 4. The formula given at page 362 could be easily altered 
to furnish this result, but as the logarithm of the distance is made 
use of in the computation, it is obviously more convenient to cor- 
rect that term at once, which may be effected in the following 
manner :— 

To the logarithm of the height in feet of station .4 above the sea 
level, add the constant logarithm 8:3168746, the natural number 
answering to the sum, carried to 7 places of decimals is the loga- 
rithmic correction required. 

ExaMpte. 


Height of Yemshaw above the sea level. 1463 3 fect, Log., 3°1653334 
Constant Log., 8°3168746 


Logarithmic correction, 0°0000304 .... .csescees Log. 5 4822080 


The logarithmic correction added to the logarithm of the geodetic 
distance, gives the logarithm of the distance at the level of 


station A. 
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Thus. 5°1846620, __ 15 48994 Log. of the distance from Yemshaw to Sheva- 
+- 0 0000304 } _ tiapeoah at the level of the former 


Again, that the computed height of a station may be available 
for any required use in future, it is necessary to refer that element 
to a permanent mark belonging to the station. In the Great Tri- 
gonometrical Survey of India, the upper station dot is taken as the 
point of reference. But the instrument with which the vertical 
angle is taken, as well as the signal observed, being elevated above 
that dot, it foHlows that the observed angle will stand in need of 
two corrections, of which the one arising from the height of the 
instrument or eye, is called the eye correction, while the other pro- 
ceeding from the elevation of the signal or object observed, is styled 
the olyect correction. ; 

The rules by which the corrections above mentioned may be com- 
puted are as follow : 

To compute the eye correction.—Add together the logarithm of the 
height of the eye in inches, the arithmetical complement of the 
logarithm of the distanve in feet at the level of station A, and the 
constant logarithm 4:2352489, the natural number answering to 
the sum is the correction in seconds, additive to an elevation, and 
subtractive from a depression. 





EXaMPLeE. 
Height of the instrument at Shevalingapah 62°4 inches ..... . Log, 17951846 
A. C of Log , of distance at the level of Yemshaw , ee 4°8653076 
Constant Log ...... + Se ie, os sieht Saleen , ve 4 2352439 
Hye correction, — 7°87 . 2 « Log, 08957861 


To compute the olyect correction.—Add. together the logarithm of 
the height of the object in inches, the arithmetical complement of 
the logarithm of the distance in feet at the level of station A, and 
the constant logarithm 4-2352489, the natural number answering to 
the sum is the correction in seconds, additive to a depression, and 
subtractive from an elevation. 





ExaMre. 
Height of the signal at Yemshaw 228inches ..... .. -. . Log 13579348 
A. C of Log of distance at the level of Yemshaw . .......00. 4'8653076 
Constant Log., 4°2352439 
Object correction + 3 87 cen we eee ceveee oe ee + Log, 0 4584863 
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When the observed vertical angle, has received the eye and object 
corrections, the points to which it becomes referrible, are the upper 
station dots. The vertical angle so reduced is called the Apparent 
vertical arc. 


EXAMPLE, a 
toga gyal aa te tees seee « « = «D0 165 25°24 
Eye correction  .... .. 2 + se case ‘ = 787 
Object correction, ...  . ‘ ee ee ee ee 2 87 
Apparent Vertical Arc at Shevalmgapah .. . weve covesee DO 16 20 24 





The problem of the computation of heights may be divided into 
the two following cases:—first, when vertical angles have been 
observed at the two stations A and B, and secondly, when a vertical 
angle has been taken at one of the stations only. We will now 
proceed to treat of the first case. 

After the observed vertical angles at the two stations A and B 
have been reduced into apparent vertical arcs, an auxiliary angle, 
called the subtended angle, will next require to be computed, which 
is done in this way. When both the apparent arcs are depressions, 
take half the difference: when one only is an elevation, take half 
the sum : the result in either case is the subtended angle required. 


EXAMPLE. tee te 
Apparent Vertical Arc at Shevalingapah 2. ... 1 ences D 0 15 20 24 
Ditto = ditto at Yemshaw ; wy ee DO 4 8382 
Subtended angle a oe ‘ ge: er wien 0 6 360 


By the aid of the subtended angle, derived as directed above, 
the difference of height between the two stations is easily deducible 
in the following manner. To the logarithmic sine of the subtended 
angle, add the log. secant of the vertical arc taken at station B, and 
the logarithm of the distance at the level of station A; the natural 
number answering to the sum, is the required difference of height 
between the two stations. 


ExawrPrer. , , , 
Subtended Angle ..... 0 5 36 Log. Sm, 7 2119140 
Apparent Vertical Arc at Shovalmgapah .. . DO 15 20 Log. Sec., 0°0000048 
Distance in feet at the level of Yemshaw . ee ‘ Log., 6 1846924 
Required difference of height in foet, 222'1 ....0.seeceeeeees Log., 23466107 | 


Connected with the computation of heights is the important sub- 
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ject of terrestrial refraction ; it is evident that every vertical angle 
observed, is affected with that inequality. Its general effect is to 
raise an object above its true position ; when two observed vertical 
angles are made use of in the computation of a height, although 
these angles are individually impregnated with refraction, they 
produce a result which is entirely free from that inequality. This 
arises from the peculiar combination of the observed vertical angles 
in the deduction of the subtended angle, whereby the refraction in 
one angle is cancelled by that in the other. 

There is, however, only one condition required to produce this 
cancelment, namely, an equality of the amounts of refraction in the 
two observed vertical angles. That this equality may obtain in 
practice, vertical angle observations at the reciprocal stations should 
be made under, as nearly as possible, the same atmospheric condi- 
tions. When two observers and two instruments are available, 
they are best taken simultaneously, but in cases in which this can- 
not be resorted to, the observations ought to be made contempora- 
neously, that is, at the same time on different days, these days 
being separated by as small an interval as possible. 

Experience has shewn that the best time for observing a set of 
vertical angles is between the hours of 2? and 3¢ from apparent 
noon. When vertical angles have been taken with due regard to 
the conditions above specified, the precepts, whereby the amount of 
refraction involved in them may be computed, are as follows: 

Take the sum of the reciprocal apparent vertical arcs when 
they are both depressions, or their difference when one is an eleva- 
tion, subtract the sum or difference so derived from the contained 
arc, half the remainder is the amount of terrestrial refraction 
required. 


EXAMPLE, se + oh P 
Apparent Vertical Aro at poh cess ce » DO 16 20°24 
Ditto ditto at Yemshaw ..... eaee se ee DO 4 882 
Which bemg both ocean are — tog, ed 
their sum in secondsis_.. — 1169 
Contained arc in seconds ..... ‘ eae 1343 
Half the difference or terrestrial refraction ...... .» 87 


It is @ practice with the geodetic writers to express the rofrac- 
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tion in decimals of the contained arc: this reduction may be per- 
formed as follows: 

Reduce the terrestrial refraction and the contained arc to 
seconds, divide the former by the latter, the quotient is the value 
of the terrestrial refraction in the decimals of the contained 
arc. 

EXxaMrPtye. 

Thus in the case of Yemshaw and Shevalingapah, the refraction being 87’, and 
the contaimed arc 13438”, we shall have a= .065, for the value of the refraction in 
decimals of the contained arc. 


It now remains to explain Case 2nd, or the method of com- 
puting the difference of heights between two stations from a 
vertical angle taken at one of them only. The observed vertical 
angle being corrected for the heights of the instrument and 
signal, as well as for refraction,* we shall have the value of the 
vertical angle, as if it were taken in vacuo at the station’ of 
observation. 

Now the contained arc is equal to the sum of the two vertical 
angles in vacuo, when they are both depressions, or to the differ- 
ence between them when one is an elevation, which relation gives 
the following simple precepts for computing the vertical angle in 
vacuo, at the object station. When the vertical angle in vacuo at 
the eye station is a depression, take the difference between it and 
the contained arc; when it is an elevation take their sum, the 
resulting element in either case, is the vertical angle in vacuo at 
the object station. 

To determine whether the last deduced vertical angle is an ele- 
vation or a depression, the considerations which will require to be 
attended to, are three in number, and they are as follow:— 

First, when the vertical angle in vacuo at the eye station is a 
depression, and less than the contained arc; second, when it is a 
depression and greater than the contained arc; and third, when it 
is an elevation. 

In the first and third cases, the resulting vertical angle at the 
object station is a depression, and in the second, it is an elevation. 

* There are no fixed rules for Terrestrial refraction, but it is gencrally taken at 
yx of the contained arc. 
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Having obtained the two vertical angles in vacuo, treat them as 
if they were apparent vertical arcs, and deduce therefrom the sub- 
tended angle, and the difference of height, as in Case Ist. To 
exemplify this computation, take the deduction of Himalaya 
snowy peak « from Amsot Hill station : 


o e 7 


Observed vertical angle at Amsot ... i ueas E2 20 4593 


Eye correction ree + 312 
Object ——— 18 evanescent, the top of the peak 
Ing observ G@aeeeuvce ae aes 0 00 
Refraction rts at * of contained BIO ecee neces , —§ 49°26 
Vertical angle in vacuo at Amsot aie . . B22 16 6979 
Which being an elevation, will ne . be bonugmented 
by the contamed arc. :u. as 0 57 1890 
Vertical angle in vacuo at snowy peak a ... -- D3 14 1869 
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FORM FOR REGISTERING THE COMPUTATION OF THE HEIGHT OF A TRIGONOMETRICAL 


























STATION. 
Shevalingapah deduced from Yemshavw. Height of Yemshaw above the sea level = 1463°3 feet. 
gs 3 ‘Object Cor-| Eye C Terrestrial 
: ect Cor-| Eye Cor- erres ; 
EE oi E é &§ cp rections Refraction. Heights Deduced. 
Z2| Eye | Object | Observed |Log of theo) og Apparent Subtended 
26 Vertical Geodetic |33| § pperen =. 
2: Stations |Stations Angles. | Distances ax a lhe __ | Vertical Are F si Angle 
oe PE: 2/8/22) ¢ E % Compa- | Above the Sea 
“4 Bi Oo Ej | E I 3 g rative. Level. 
c.| oe sek (ese Pe [se ieee ee (| 
* Sheva- 
linga- o.hUP a ° , “ ° e a 
D pah YemshajD 0 15 25 24 oe eer 22 8|-+-2 87/62 4 —7 87/D 0 15 20 24 Shevalings 
Sheva- | 304| 1348 | 87 |065/0 6 360| +2901 pah 1685+ 
linga- ect. 
Yemsha pak DO 41378 : 19 5|-+2 46/62 8 —7 92D 0 4 832 
| 
Himalaya Snowy Peak « deduced from Amsot Hill Station. Height of Amsot above the sea level = 2352°3 feet. 
Snowy ses eres ie D 3 14 1869 = Snowy P¢ 
D ( peak a, Amsot, — 229 26 2 45 39:2 |4. 16842'8 matt V 
Amsot, | Snowy | E 220 4593] 5 5429020 | 675) 3438 9 . . [633|+-8 12/E 2 16 5979 feet. 


peak @ 
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CHAPTER XX. 


Minor TRIANGULATION, AND THE SAME AS APPLIED TO THE Ray 
Trace SysTEM, FOR CARRYING ON ToPpoGRAPHICAL SURVEYs.* 


Arter having explained the approved principles of observation 
and computation, as generally practised in a Trigonometrical 
Survey, we will now proceed to shew their application to the detail 
survey of a district. 

The primary triangles of a Topographical Survey may be thrown 
into the form of a network as shewn in Fig. 1, or into that of a 
gridiron exhibited in Fig. 2, Plate 8. Of these two forms the 
gridiron is preferable to the network, in the first place, because it 
contains a smaller number of triangles and is more scientific; and 
secondly, because it is susceptible of a more systematic deduction 
than the other. This mode of distribution, however, will be found 
more difficult in most hilly countries than the common network, 
and occupy @ longer time than is generally allotted to Topogra- 
phical Surveyors, but whatever form may be given to the primary 
triangles of a Topographical Survey, there is one condition, 
namely, that of symmetry, which ought to be strictly adhered to 
in their selection. In no case should a triangle of a primary 
character be admitted, any of whose angles falls short of 30° or 
exceeds 90° as before stated at page 364. 

The sides of these primary triangles should average between 
two and five miles, and the best instrument for executing this 
description of work is a 12-inch Theodolite. The three angles of 
a@ primary triangle ought in every instance to be observed, every 
angle being measured on two zeros 0° and 30° with their reversed 
faces as before described. As to computation, these triangles may 


* Elaborate and most valuable instructions for Topographical Surveys in India, have 
lately been printed at Roorkee, and issued by Colonel Waugh, Surveyor-Goneral of 
Inda. 
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be treated as plane, the spherical excess being in their case, an un- 
appreciable quantity, the angles used, being taken to the nearest 
second. 

With due regard to these precautions, the primary triangulation 
of a district being executed, the next thing to be taken in hand 
is the collection of the Topographical details, which may be done 
in the following manner :— 

If the point x (Plate 8,) which we shall suppose to be the 
site of a village, be observed from two primary stations.4 and B, we 
shall have the triangle 4Bz giving the position of the last men- 
tioned point. Again, if x happen to be observed from three 
primary stations as 4, B, and C, the triangles formed will be 
three in number, namely, Ist A 4Bz, 2nd 4 A Cy, and 3rd A 
BOCx. Now, here are three distances Az, Br, and Cr, which are 
respectively possessed of two values, the first being derived from 
4s 1 and 2, the second from As 1 and 3, and the third from As 2 
and 3. These double values being compared, the discrepancies 
(if any) will indicate the amount of confidence to be attached to 
the result. 

The point z fixed in the way described above is called an inter- 
sected point. For the reasons already stated, a point of this kind 
should be determined, whenever it is practicable, by two triangles 
possessing a common side. 

In the case of the intersected points, the symmetry of the 
triangles cannot be so rigorously attended to as in the instance of 
the primary stations, because such points must be observed from 
wherever they are visible. Here, however, a small error in a 
given position would be attended with no inconvenience, as it 
would not extend beyond the site to which it appertains. It has 
been found, in practice, that triangles whose angles range between 
15° and 150° furnish trustworthy results. The angles to inter- 
sected points should be observed on zero 0° and on its reversed 
face, the observation in each case being repeated twice to check 
the readings of the instrument as well as the record thereof. 

Some attention must be paid to the signals used :—if they are 
large undefined objects, as whole bodies of villages, &c., they will 
be unsusceptible of accurate intersection, and will therefore produce 
discordant results. The kalus of a mosque, or of a temple, church 
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spire, tops of columns, &c., form good objects for intersection, but 
these are seldom to be met with, and in their absence flags may be 
used, which may either be placed on the ground, or fastened to 
tops of high trees, as may be convenient. Tree flags have been 
tried in the Great Trigonometrical Survey, and found to answer 
well. 
It is clear that most of the villages in a district, as well as all 
the prominent marks on the boundary line, could be laid down as 
intersected points: the few villages that cannot be so determined, 
may be fixed by a measured angle and distance from a primary 
station. 'The sides of the secondary triangles should be carried as 
near the boundary of the subdivision or pergunnah circuits as 
possible, in cases where a Revenue Survey is required, but this of 
course will depend on the natural features of the country. On 
any of the sides of these, the Plane Table and Cross Staff is 
applied and the intervals are filled up by sketching, and a series 
of perpendicular lines are thus made to traverse the Topogra- 
phical details. The more minutely the triangulation has been 
carried on, the easier and more correct will be the interior filling 
up, whether entirely by measurement with the Chain, or only 
partially so, and the remainder completed by sketching. The 
Plane Table is the best contrivance for this purpose, and the pro- 
cess of sketching between the fixed points plotted on the paper. is 
similar to surveying with the Chain and Theodolite as far as the 
natural and artificial boundaries are concerned. Every thing 
being at once drawn on the paper instead of being entered in a 
Field book, the features of the ground are sketched at the same 
time as the boundaries and other details. This part of the opera- 
tion, however, requires much practice before anything like facility 
of execution can be acquired. 

The Plane Table is made in a variety of ways, but to render it 
really useful, it should be reduced to the most simple state possible, 
and as light as can be consistent with strength and steadiness. 
The English manufacture with the box-wood scale frame, as 
described at page 96, is quite unsuited to the heat and hot winds 
of this climate; they warp, and go to pieces immediately, but the 
pattern now in use, as made up in the Mathematical Instrument 
Department, Calcutta, of the best seasoned teak wood, is a simple 
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square board, without any shifting frame, with the fiducial edge 
ruler of ebony clamped with brass, the Sight, being affixed at 
each end, and compass box sliding underneath, of the same 
metal, the Table fixing on the braced tripod stand, by means of a 
clamping screw under it. 

Every two points of a Survey, whatever objects may be between 
them, will in fact be the extremities of a base equally true as if it 
had been actually measured ; and the Table being placed on such 
points, and adjusted by means of the legs, and the needle, which 
answers instead of a level, where the greatest accuracy in fixing the 
instrument horizontally is not required, we obtain intersections to 
all objects of which it may be necessary to find the place. This is 
done by placing the leg of a pair of compasses upon the station and 
the edge of the ruler in contact with it, turning the ruler as upon 
a pivot, until the object to be intersected is seen along its edge, and 
then drawing a fine line by the same edge. This being done from 
three different places, will be found very exact in most cases, 
although there is in strictness, an error of the same kind as that 
mentioned in treating of the Theodolite, when it is not exactly over 
a station; but this nicety is of little consequence, for the Table, 
being but small, the difference occasioned by the eccentricity of the 
instrument, can never make many inches error in the position of 
an object, and upon almost all scales in common use, this magni- 
tude is but a mere point. Thus we may join up any unfinished 
lines, that were left in surveying to avoid short stations, or for 
other reasons. 

When the method of surveying the interior details is rigidly 
carried out, there is nothing left to be sketched in, except the con- 
tours of the ground which do not present marked features to which 
measurement can be applied. The comparative heights, however, 
obtained by levelling with the Theodolite during the Survey. present 
so many certain points of reference as to the relative command of 
the ground, and are of course of the greatest assistance in the sub- 
sequent delineation of the features upon the outline plan. When 
the inequalities of the surface of any particular portions, require to 
be shown more in detail, recourse must be had to a regular process 
of Levelling and Contouring, both of which subjects are treated of 
in separate Chapters. 
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With a view of adapting the triangulation of a district convenient 
for this purpose, suppose a series of principal triangles of the Great 
Trigonometrical Survey to have been carried through a district, it 
is evident that the sides of those triangles ranging from ten to 
twenty miles, cannot as they stand be immediately made use of in 
a Topographical Survey, in which bases of two to five miles only 
are required. To resolve therefore a side ofa principal triangle 
into a convenient number of small distances of the required lengths, 
the Ray Trace System by minor triangulation may be resorted to, 
with great advantage. We will now proceed to explain the method. 

Let S and S’ be two stations of the Trigono- ' 
metrical Survey. Taking S as an origin, select 
a series of small triangles along the given line 
SS’ until the other extremity S’ is reached, and 
is connected therewith ; these triangles must be 
treated as primary triangles of a detail operation. 
Their computation may be performed as fol- 
lows; on reference tothe diagram it will be seen 
that there are two lines Se’ and So’ connected 
with the origin S, assuming either of these 
as unity, the remaining sides of the triangula- 
tion may be deduced in terms thereof. 

It is evident that if the whole distance SS’ 
can be obtained in terms of the same measure, 
the deduction of the true values of the sides of 
minor triangulation may be easily effected by the following rules 
of proportion : 

As the hypothetical value of the line SS (p). 
: The true trigonometrical value thereof (2). 
:. The hypothetical value of the side, 

: Its corresponding trigonometrical length. 
To determine the hypothetical value of the side SS’ ‘the method of 
computation explained at pp. 347 to 350 will require to be resorted 
to. Take the series of sites on the right or left flank of the minor 
triangulation as may be convenient, and consider them as the 
stations of a Route Survey. The elements which will be required 
for the deduction of either of the flanking lines, taken as a route, 
are the distances and angles. 
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The distances to be used are the hypothetical distances derived as 
described above on the assumption of one of the two first sides of 
the minor triangulation taken as unity. 

The angle at any site of the minor triangulation taken as a 
Route Survey Point, is determined in this way. Suppose an 
observer to be placed at the given site looking in the direction of 
the rear Station, let him turn round towards his right until he faces 
the point in advance; the horizontal arc which his eye will des- 
cribe during this operation is that which will be required in the 
Ray Trace deduction. A reference to the sketch of the minor 
triangulation, will indicate the process of deriving the arc from the 
angles of the primary triangles. The only circumstance to be 
attended to in this computation is, that the angles used, must be 
those which have been adjusted to 180°. 

Computing the arcs above mentioned for the several sites on the 
right or left flank, (as the case may be) of the minor triangulation, 
and calling them in the order in which they stand 4s ©1, ©2, 
© .......... of the Route Survey, deduce therefrom the angles 
for computation 4, B, C ..., as detailed in Chapter 15. 

With these angles for computation and the hypothetical distan- 
ces, the co-ordinates 2 2” 2” ........ and also y/, /’, y", wc eceee 
being deduced, the whole line SS’ may be derived in terms of the 
first side of the minor triangulation. 

The hypothetical value of the line SS’ being determined and its 
true value having been previously derived from the Trigonometrical 
Survey, the true lengths of the sides of the minor triangulation 
can be ascertained by the rule of proportion given before. 

The angles @ and 0, of p. 350 derived from this computation, are 
useful in determining the azimuths of the first and last sides of the 
minor triangulation. For instance, the azimuth of the line So’ = A 
—9, A being the azimuth of S’ from 8. Similarly calling B the 
back azimuth‘ of S from 8’, the azimuth of the last line will be 
B—&. With these azimuths, the geographical position of S and 
S' being given, the latitudes and longitudes of the stations of the 
minor triangulation may be deduced. 

To illustrate the computation of a Ray Trace by minor triangula- 
tion take the following example from the Report of the Great 


Trigonometrical Survey of India. 
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Tracing of Ray Dahera to Nojhsli by Minor Triangulation excouted by Babu 
Rathanath Sickdhar, Sub-Asssetani Great Trigonometrial ea G 
12-Inch Theodolite of the East Indsa Company's Pattern, on the year 1840 


| =e Hypothe- True Distances 
NamesofStations | Observed £ 3 &| Corrected | Log | tics) Dis- a 
Angles ag Angles | Simes | ‘tances 
2 Feet Mules 
No 1 | Dahera to Rankandi—Hypothetical Dist Log 00000000 True Dist in feet Log 4 0145561 
Dahera 65 25 468|4 58| 65 25 53 ,99587855| 1451905 | 150189 | 2844 
Rankand: 7317 304| + 58| 73 17 36|99819699| 1378650 | 149564 | 2700 
Station 8 41 16 254|+ 58| 41 16 91 |oer9ss16| oreloses | 41761014 
——-~—— 0 1394589 | 4 1540100 





179 59 426 | +174 {180 0 0 
2 | Dahera to Station S—Hypothetical Dist Log 0 1619383 True Dist m feet Log 4 1764944 











Dahera 68 18488|— 38 | 68 18 40 |99681112} 1 806980 18685 7 


3 539 
Station 3 6458 76)— 38) G6 58 4/9 9971617 1 853118 19162 8 





Logs Logs 
Barher 46 43199!— 87] 46 43 16|98621465| 0 2560085 | 4 2°15096 
Seca aS aes 0 2679080 | 4 282459) 
180 0113!—118 180 0 0 


8 | Barheri to Stition 3— Hypothetical Dist Log 0 2679030 True Dist im feet Log 4 2824501 


















57 40 864 + 21 


57 40 38 9 9268821 1 708709 
Station 3 56 56 588 | + 20 


56 57 1 99233464, 1 722677 


17669 5 | 8 346 
17813 9 |3 3874 















Labkai1 65 22186 | + 21 4 2472243 


Lo 
65 22 21 | 99085812; 0 2326682 
——<———— 36 4 2507600 


0 2362039 








Barhen | 65 36 186, — 27]! Go 36 11 | 9 9098781 1 9663810 20838 3 | 3 851 

Labkan 63 24323 |} — 26! 63 24 20 | 9 9514335 2 002611 20708 7 | 3922 
Logs Logs 

Station 4 50 59 8320|— 26] 50 59 29 '9 8904497! 029396520 | 43082081 


—_———|—__—_—— 0 8015966 | 438161527 
1890 079 — 79] 180 0 0 


5 | Labkari to Station 4— Hypothetical Dist Log 0 3015966 True Dist 1m feet Log 4 3161527 








Labkari 51 6 96/ +29) 51 6 12 98911357 1 852150 19152 8 | 8 627 

Station 4 59 46 478) + 29] 59 46 51 | 9 9365673 | 1 668186 17250 5 | 3 267 
Logs Logs 

Paka Well 69 6538/+80/| 69 6 57 0 26 6"61 | 42822822 





9 9704878 
| 0.2222445 | 4 2368006 | 


179 59 5512/4 88 199 0 0 
6 | Station 4 to Poka W ell—Hy pothetical Dist Log 0 2222445 Frue Dist im feet Log 4 2368006 


Station 4 59 41 441/+4 03] 59 41 44 
Paka Well 67 11 855} + 02) 57 11 36 








9 9361901 1 572051 169567 |30°9 
9 9245896 1 614826 1(698 7 | 3 163 
Logs Logs 
Pirer 63 6396!+ 03] 68 6 40/ 99503090) 01964751 | 42110312 
one ae 0 2081256 | 4 2226917 


179 59 592 + 08/180 0 0 
7 | Paka Well to Pirer—Hypothetical Dist Log 0 2081256 True Dist m feet Log 4 2226817 


+03) 51 7 34 | 9 8912749 1 819305 188182 
+03] 71 81 58 99770396 1 498279 154418 | 2925 

















Pirer 71 31 581 





Paniari 57 20 276] + 08 Ai aaa 0 25980056 | 4 2744617 


———— ———_-——— 0 1741409 | 4 1886970 
179 59 591 09'1180 0 0 
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58 26 575 | + 1°4/| 53 26 59/9 9048065|  1°686672 17441°6 | 8°308 
70 9440/+15) 70 9 45 | 99734822;  1-440430 14895 4 | 2°821 


56 238 142] + 1°4| 56 23 16 | 99205494| 022970807 | 4 2415868 
————qQJ——| 0 1584950 | 41730511 
179 59 557 43 | 180 0 0 


65 24 225 | + 20 1 546149 15988 5 | 3 028 
60 27 47) + 20 9394905 | 1616071 16711 5 | 3 165 


| ca —— 


54 8268] +20] 54 8 29|9-2087848| 0-1892512 42088078 
Seto Meas Seong see a 0 2094605 | 4 2290166 
179 59 540 


10 | Mirpur to Station 5—Hypothetical Dist Log 0 2084605 True Dist im feet Log 4 2280166 


Mirpur | 69 43 457 | + 19] 69 43 48 |99752355 2091916 21632 2 | 4 097 
Station 5 65 34 163 | + 18] 65 84 18 | 9°9502701 2155310 22287°7 | 4 221 


I 

| 

Logs Logs. 

Sabri ... fer 525 passed 18 | 44 41 54 {98471863 03205443 | 43351004 

co _—— | 0 3335007 | 4 3480658 
179 59 545 | + Fore 180 0 0 

11 | Station 5 to Subri—Hypothetical Dist Log. 0 3335097 True Dist in feet Log 4 3480658. 


Station 5 56 59194/ 4 49) 56 59 24 ,99235422/ 1621567 16768 4 | 3176 
Subri 46 54.4201 + 48 | 46 54 47 | 9 8685120 1 861938 19254 0 | 8-647 


Logs Logs. 
Noh ‘ 76 5440) +4 49 76 5 49 |99870867| 02099350 | 4 2244911 
ees foe apres 0 2699652 4 2845215 
179 59 4541+146 18 0 01 





TYPE OF CALCULATION OF RAY DAHERA TO NOJHILI. 

Distances. 

Dahera to Station 3 . . = 1 451905 

Station 3 to Labkan.. a= 1722677 At Station 3 Ol = 121 65 6 

Labkari to Paka Well 4 = 1 852150 » Labkari . 3 ©2= 179 52 58 

Paka Well to Pamar ¢ = 1°819305 » Paka Well ©8=177 26 7 

Paniar: to Station 6 . d = 1 546149 » Paman . ©4 = 192 5f 37 

Station 6 to Noyhili . ¢ = 1 621667 » Station5 ©5= 176 42 11 


Hence the angles for computation are as follows: 


° ] a@ 
A=121 55 5 o 4 4 2 + 4 
B==(121 65 65-+179 62 683—,)=121 47 68 
@=(121 47 584177 26 7—we)=119 4 6 
=(119 14 54192 54 87—,_,)=1382 8 42 
E= (182 8 424176 42 11—«)=128 50 68 


A=121 55 5 Cos. 9°7232141 Sin. 9 9288080 
@ = 1°722677 Log 0:2362039 Log 0 2862039 : 
T 9694180.. +- 0910789  § 0°1650119..— 1°462217 
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B= 121 47 58 Cos. 9:7217674 Sin. 9-9298667 
5 == 1852160 Log. 0-2676761 Log. 0 2676761 

T 9894435 . . + 0°975986 0 1970428 .. — 1574138 
C=119 14 & Cos 9 6887655 Bm 9 9408283 
¢ == 1819306 Log 0-2699056 Log 0 2599056 

“J 9486711 . . + 0888528 0 2007889 .. — 1.587574 
D=132 8 42 Cos 9-8267284 Sin. 9 8700813 
d = 1646149 Log. 0 1892512 Log. 0 1892512 

0 0159796 . . 4 1037480 0 0593825. — 1146390 
E = 128 50 53 Cos. 9 7974457 Sin 9 8914327 
¢ = 1621567 Log. 0 2099350 Log 0 2099350 

0-0073807. -}- 1017140 0 1013677 . , — 1 262896 

” am + 1451905 


Sum of Direct Co-ordinates, x= 6 281828 Sumof Perpr Co-ord y==-—/7 033215 
Sum of Direct Co-ordinates, 2== 6281828 Log 0 7980861 


AC 92019139 
Sum of Perpr. Co-ordinates, y= 7038215 Log 08471539 


(Tan 0 0490678 


6=—48 138 475 
Sec 0 1764320 
Sum of Direct Co-ordinates, 2== 6281828 Log 0 7980861 


Nojhil: to Dahera by Ray Trace Computation, Log 09745181 
Ditto by Trigonometrical Survey, Log 49890741 


Constant Log of Correction, 4 0145560 


This constant logarithm added to the logarithms of the dis- 
tances derived from the Ray Trace computation, will furnish 
the logarithms of the same distances, in terms of the unit of 
the Trigonometrical Survey. 








6’ Computed 


zs—6= 1381 46 126 





for Computation . . 
= 2 65 196 
Deduction of the Acmuths. 
At Dahera, Azimuth of Nojhih . .A= 190 51 409 
@=-— 48 18 475 
Azimuth of Station 3,(A—49)= 239 5 284 
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At Nojhili, Azimuth of Dahera . . . B= 10 653 24°5 
—+ 2 65 195 
Azimuth of Station 6, (B — ¢’) = 7 68 60 


A sketch of the foregoing Ray Trace, as well as of two others 
connected therewith, completing a principal triangle of the Great 
Trigonometrical Survey is given in plate IX. On reference to 
this sketch it will be perceived that the triangulation originat- 
ing from Dahera proceeds along the ray to Nojhili, whence it 
extends in the ray to Godhna, and thence returns and closes in 
at Dahera. . 

Each of these Ray Traces being deduced by gn independent 
computation it is evident that the sides whereby operations 
are connected with one another, will possess double values, Which 
when compared will obviously indicate the degree of accuracy 
attained by the work. There are three sides of this description 
belonging to the minor triangulation in the sketch, and they are 
as follow :— 


Ist —Nojhels to Station 6 


Feet 
16768 4 Deducted from Ray Dahera to Nojhih 
16771°0 93 » Nojhih to Godhna. 

26 Error in the Tnangulation. 
2nd —Godhna to Station 10 

Feet. 
29034°2 Derived from Ray Nojhih to Godhna. 
9 034-0 $s “ Godhna to Dahera. 


02 Error in theTnangulation. 


38rd.—Dahera to Barhers. 
Feet. 
18682 6 Deduced from Ray Godhna to Dahera. 
18685 7 ‘i a Dahcra to Noyhali. 


81 Error in the Tnangulation 





It will be seen that the primary triangles appertaining to the 
three Ray Traces are 82 in number. Taken by themselves, they 
are of no value, as they furnish little or no topographical infor- 
mation; they become valuable only, when they are made the basis 
for laying down village sites and other geographical points of 
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which the number determined by the triangulation under con- 
sideration is 190, and from the sides of these triangles, as bases 
any description of Theodolite and Chain, Plane Table, or Compass 
Surveying according to the ordinary method, may emanate for 
the perfection of the general details. 

Many of these points are fixed by two, some by three, and a few 
again by so many as four triangles. The common sides presented 
by this process never exhibit a discrepancy exceeding a foot per 
mile. 

We will conclude this chapter by giving the computation of a 
village site fixed by three independent triangles. 


les for Log Distances 10 


Ang 
No | Namesof | tatersected Objects. | Computa- 
tion. 


Stations. Sines. 


Feet | Mules 


Paniart to Mirpur = 14895°4 feet Log. 4:1730511 Miles 2°821 (a 8.) 


Pamari. 33 16 15 | 9 5966828 9706 | 1-838 
Mirpur Flag on the highest | 32 40 18 | 9 7322623 7103 | 1°346 
Sidhanser. tree in Village. 124 3 27 | 99182799 


180 0 0 3 9870235 
Me aN tee ts ee tte ce 
Mirpur to Station 5=16711°5 feet Log. 4°2230166 Biles 3°165 (a 9.) 


3 8514540 


27 46 47 | 9 6684544 7103 | 1°345 


17 36 63 | 9 4808902 10940 | 2072 
134 36 20 | 9 8624543 
euielear ata Logs. 
180 0 0 3 8514525 
4 0390167 


36 31 30 | 9 7746436 10940 | 2 072 
42 8 8 | 9 8266493 9705 | 1 838 
101 20 22 | 9 9914385 


———— Logs 
180 0 0 4 0390181 
3 9870124 





CHAPTER Xx. | 2 


CHAPTER XXII. 


THE DETERMINATION OF THE POSITION OF A Pornt FROM OBSER- 
VATIONS MADE THEREAT, TO THREE KNOWN STATIONS, AND THE 
Repucrion oF ANGLES TO THE CENTRE oF A SraTION. 


Tue problem of fixing a Station by observations to three known 
points, has been extensively used in rough hilly countries, espe- 
cially by the late Captain Wroughton, in the Sohagpore and 
Ramghur Territory. The mathematical part of this problem is 
old enough, but it is not an easy matter to compute. The geo- 
metrical construction has already been given at page 65, but as 
that does not readily suggest a convenient mode of computation, 
the following formula has been computed for the more rapid 
deduction of the problem. It is necessary that a Surveyor should 
have these rules, in case of accident, from having no other data, 
and from the necessity sometimes to bring up the work of others. 
As a system, however, observations to three points are unsatis- 
factory and lazy, the method is unsusceptible of minute accuracy, 
and there is no check; unless four poimts are observed, large 
errors may creep in, from mistakes in record, or in mistaking the 
Stations. The observer has only to go up one of the three known 
points, and observe back to the Station requiring to be fixed, 
and the case then becomes an affair of simple triangles checked 
by common sides, and this should always be done by a careful 
Surveyor. The Rule is, if a point depends on a single triangle all 
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three angles should be observed—if 
only two angles in a triangle can be 
observed, there should be at least two 
triangles to give a common side and 
thus check the accuracy of the deter- 
mination, as adverted to at page 407. 


The position of each Village may 
be thus determined, by ascertaining 
the value of the angles subtended 
from it to three points of the sur- 
rounding secondary triangles, the 
azimuth of the lines connecting the 
latter give the azimuth of any of 
the lines of the subtended angles 
from the points in question. 


In the annexed diagrams A, B 
and C are ¢he three given Stations. 
Forming .4, B and C, into a triangle, 
designate the angles thereof by the 
letters which mark the Stations ; the 
sides opposite thereto being repre- 
sented by the corresponding small 
letters of the alphabet a, b,c. It is 





evident that the angles 4, Band C . 
as well as the sides a, b and c are _ / 
known elements. % 


Supposing z to be the Station, whose position is required to be 
determined, designate as follows the angles observed thereat : 
a° == £ between A and B 
w == between A and C 
a’ =< between Band C 
Now Station 2 may be either within the given triangle or with- 
out it. In the former case, 2°-}-2--2'—2m and in the latter 2-2" 
==2°, The first of these cases is represented by figure 1, and the 
latter by figures 2 and 8. 
With regard to figures 2 and 3, it will be seen, that the difference 
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between them consists in the line 4B being placed in the former 
case between Stations C and # and in the latter on one side thereof. 
This circumstance should be borne in mind, as the general formula 
whereby diagrams 1 and 2 are solved, will require a slight modifi- 
cation when applied to diagram 3. 

When a particular case of the problem under consideration is 
offered. for solution, the Surveyor will draw a sketch thereof and 
compare it with diagrams 1 and 2 and 3. The sketch must agree 
with one of the diagrams. Holding the sketch in the same way as 
the diagram corresponding thereto is drawn in the book, the Sur- 
veyor will designate the several distances and angles in the sketch 
by those symbols, which are employed to denote similar elements 
in the diagram in question. This being done and calling 4’ the 
angle at Station A between C and z it will be found that— 

; b. sin 2" Apu 
Cot A = pane an (0-e 2) — cot (C+ ¢ + 2’) 

In computing by this formula it will be remembered that 2 C 
must be used as it stands for diagrams 1 and 2. But {or diagram 
3, its complement to 360° will require to be employed in place of 
the original 4 C. 

After due regard to the preceding rule, compute the two terms 
composing the value of cotangent 4’ and take out the result in na- 
tural numbers carried to 7 decimals. The signs of the natural 
numbers will be known on reference to the following table, the 
argument whereof is the numerical value of (C +- # -+- 2’). 


3 sin. 2” 


Table exhibiting the signs of , an mn. (0-2 42’) and cot. (C+ 2’ + 2’). 


Values of 


5 smn. 2” 


(C+2 ++ 2’) gen. a om. (0+ 2 +2) cot. (C +- 2’ +- 2’) 
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After affixing proper signs to the natural number, add them to- 
gether, the sum is the natural cotangent of A’: or when a table og 
natural cotangents is not at hand, the logarithm of the sum may be 
taken, which is the logarithmic cotangent of 4’, the logarithm 
being taken without reference to the sign of the sum, which may 
be either positive or negative. 

When the sum is positive, the tabular are corresponding to the 
computed cotangent is the value of .4'; when it is negative, the 
supplement to the tabular arc is the required value of 4’. 4 A’ 
being determined, the other angles of the triangles formed by the 
point sought and the three known Stations may be easily deduced 
by the simple operations of addition and subtraction. 

EXAMPLE. 
Murchia, Chaoni and Murli, being observed from Pipara, it is required to compute 
the position of the last-mentioned point. 





al 


Elements gwen. 


Side Chaoni to Murli . .. .....00. 0. 2 0 @ Log. 4°4766465 
Side Chaom to Murchia .. ~~ .......- 3 Log. 47187414 
Z Chaon, between Murli and Murchia .. ..@ . ...... 168° 38’ 38” 
Observed Angles at Pipara. eas 
Between Murli and Murchin .........0000. = 150 18 24 
Between Murchia and Chaoni . Tae? 107 29 10 
Between Chaoni and Murli .... ee c= 42 49 14 
Elements sushi: 
Z Murchia between Pipara and Chao ¢ or A’ 
Type of Calculation. 
OC = 158° 88’ 38’ let Term. 2nd Term. 
2’ = 107 29 10 Coseo. 0°0206478 
zw’ = 42 49 #14 Sun. 9°8323201 
Cc gia al = 808 67 .2 Cosec. 0°1091942—— 
ere Log. 47187414 
Bs svwacas A.C. of Log. 5 5233535 
0°2041565 —Cot. 99076028 
+ 1°6001344 + 0 8083564 
Cot. Log.  0°3817450 


A’ = 22° 32’ 54” 
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In carrying on a Detail Survey, it sometimes happens that the 

Theodolite cannot be planted over the centre 

of a Station. When this is the case, the in- 

strument may be placed on one side of it, and 

“angles taken to the surrounding signals. It is clear that these 
angles before they can be employed in the computation of the tri- 
angulation, will require to be transferred to the centre of Station, 
the geometrical construction for which problem was given at page 
71. This reduction may be easily effected in the following 
manner. 

Of the two points (A and B) observed from a Station C that 
may be called the right hand point, the reading of which in the 
deduction of an angle, is used as the subtrahend ; the other point, 
whose reading is employed as the subtractor in the same operation, 
being styled the left hand point. 

Considering the reading of the true centre as 0° 0 0’, observe 
or compute as may be necessary from the centre of observation, 
the readings of Stations 4 and B. Call these readings 4’ and B. 

Likewise let 2 and A represent the distances of Station C to 
Stations A and B respectively : which distances are obtained from 
an approximate computation of SABC by using the angles as 
they are derived from observation unaltered by any correction. 

And lastly, let. « designate the distance derived from measure- 
ment of true centre from centre of observation. 

Now compute the two following terms, and prefix thereto the 
signs given in the table subjoined. 

84 — © sin A cosec 1" 2B main 5 cove Fe 

The numerical values of these terms will be in seconds, the sum 
whereof is the correction required to the observed angle between 
A and B. 


Reduction of angles to the 
centre of a Station. 
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Table exhibiting the signs of the foregoing corrections. 





Signs of corrections for Station 4. 
ee cee hy comer og | 
zeeing 0: the tous cantieo ea 00 | ser Seite Ae |) When Satoad i 

left hand point. right hand point. 
Ist Quadrant . 0... we cseeee — + 
Qnd Quadrant .. ... ..... — + 
Srd Quadrant ........ .eeecess + — 
4th Quadrant .. .. ....05 os + _ 
EXAMPLE. 


At the secondary Station of Manda of the Gurwani Meridional Series, the Theodolite 
in one instance was not placed over the Station centre, but at the distance of 11°67 feet 
from 1t, on which occasion the angle taken was that between the Station C’ and Bara- 
gany Temple, the correction to which for eccentricity may be deduced as follows — 


To compute the correction for Station C’, left hand point. 


From centre of observation, Reading of Station C’ 
by coniens 0° 0’ 0” as the soning of f tae| 128° 4’ 20” Sin. 9 89610 
ont from ‘aakes ‘of chesrratioa to true centre .» . 11°67 feet Log. 1-06707 
‘eo ae ae OO ee ee 
Cosec. 1’ wn wwe eer Constant Log. 5 31448 
Ist part of correction ........... — 503 Log. 170164 


To compute the correction for Baraganj Temple, right hand povnt. 








From centre of observation reading of Baragan © 14? ant : 
Temple by assuming true centre to read 0° 0’ 0 iy } 195° 14’ 40° Sin. 9°41986 
Distance from centre of observation to true centre 11°67 feet Log. 1:06707 
Approximate distance from nee to Baragan 
emple in feet 2. wc sence 2s cote "} A. 0, of Log. 6 05584 
Cosec 1", .. 1. 2 we wwe Sane as wes Constant Log. 5 31443 
2nd part of correction . ..... .. — 720 Log. 185719 
Hence the total correction is—50” 3—72"-0 ==—0° 2’ 2° 
Observed Angle, = 67 10 20 
Corrected Angle, = 67 8 18 
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BaromrrricaL Hrients.* 


To determine barometrically the difference of height between two 
places, the implements required are two Barometers with their at- 
tached Thermometers and two detached common air Thermometers. 

It is of course preferable to have two Barometers and to make 
simultaneous observations, as during changeable weather depend- 
ance cannot be placed upon results with one only; particularly if 
any considerable interval of time has elapsed between the comparison 
of the heights of the mercury at the different stations. Even the 
method of noting the time of each observation, ending the day’s 
work at the spot where it was commenced, and then correcting the 
readings of the Barometer and Thermometer at each Station, for 
the proportion of the total change between the first and last read- 
ing due to the respective intervals of time, cannot of course render 
observations taken with one Barometer equal in accuracy to those 
observed simultaneously with two instruments, unless the rise or 
fall of the Barometer, and particularly of the Thermometer, was 
ascertained to have been umformly progressive during the whole 
day. Observing, however, the Barometer again at the first station 
at close of the day has this advantage, that any great change 
during the period will be immediately detected, and the degree of 
dependance to be placed on the observation made evident. 

The difference of readings owing to these changes will also be 
generally subdivided among a number of observations though 
instances may occur where this caution, as regards the Thermometer, 
will be productive of error in the result. 

In exploratory expeditions into distant countries where it is 
obviously impracticable to make simultaneous observations at the 
different elevations as they are met with in the course of each day’s 

® Sco also Part 1, Chapter 10. 
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journey, the comparisons must be instituted with the observations 
taken at any fixed observatory, and which are generally published 
for general information, or at any known station the height of 
which has been previously determined. To effect this, the traveller’s 
instrument must of course, in the first instance, be duly compared 
with the standard in the observatory, #te height of which above 
the sea level is known; or with the instrument left at any par- 
ticular Station, where the hours for observation have been pre- 
viously mutually agreed on. 

The two Barometers selected for the measurement of heights, 
having been compared with each other, the difference, if any, 
existing between them will be determined. The whole of this dif- 
ference called the Index Error being applied as a correction to one or 
the other Barometer, their readings will obviously become equalized. 

Under ordinary circumstances probably ten comparisons at in- 
tervals of a few minutes from each other, after at least half an 
hour’s quiet exposure of both instruments side by side, would be 
sufficient for the correct determination of the Index error above- 
mentioned, but, in cases where the Barometers do not maintain a 
constant difference, twenty, thirty, or even forty comparisons may 
be taken with advantage. Previous to every trial, the Barometers 
ought to be thrown out of adjustment and then re-adjusted and 
observed. After every fourth or fifth comparison the Barometers 
should be reversed and put up again. 

While the Barometer comparisons are going on, the attached 
and detached Thermometers may likewise be compared. The 
mean difference between the two attached, as likewise that between 
the two detached Thermometers, being computed, they should be 
used in the same way as the mean difference between the two 
Barometers, viz., for equalizing their readings. 

After these preliminary comparisons have been executed, the 
measurement of a height by barometrical observation may be taken 
in hand. For this purpose an observer with a Barometer, and a 
detached Thermometer being placed at the lower Station, and 
another observer with similar instruments being posted at the 
upper, let them observe simultaneously, that is to say, at certain 
times previously fixed upon, continuing the observations for as 
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many daysas may beconvenient. If the weather during the obser- 
vations be clear and steady, then the difference of height derived 
from this measurement would be worthy of great confidence. 

For the deduction of a height from barometrical observations 
the formula commonly made use of, is that given by La Place. It 
takes into account the indications of the Barometer and Ther- 
mometer, but not those of the Hygrometer. Perhaps this omission 
is a defect of La Place’s process of computation. Professor Bessel 
has investigated a formula in which the three conditions above- 
mentioned have been made use of. We are not aware that this 
formula has been tested by a sufficient number of experiments to 
warrant its introduction into this work. 

In computing by La Place’s formula, the symbols used for 
designating observed elements are as follows :— 


STATIONS. 
OBSERVED ELEMENTS, 


Upper. | Lower. 


Height of Thermometer in open air] ¢ 
Thermometer miameaen 
Barometer ...... 





This being premised, it will not be difficult to explain the pro- 
cess of computation. The barometrical columns f and f' repre- 
sent atmospheric pressure at the two given Stations, and as the 
lengths of these columns vary with the temperature (7' and 7”) 
of the mercury, it is clear that before they can be used as elements 
of computation, they will require reduction to one common tem- 
perature. Again, the atmosphere itself as regards density, does not 
remain in one invariable mean state; it is undergoing continual 
changes, produced by the greater or smaller amount of heat 
existing therein, and indicated by ¢ and¢. This being the case, 
it is clear that the correction for temperature must form an 
important part of the deduction of the difference of height from 
the difference of atmospheric pressure at two given places. And 
lastly, the force of gravity should likewise be taken into account, 
which under a given latitude, varying with the height ascended, 
must, though in @ emall degree, influence and modify atmospheric 
pressure at different elevations. 
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These are the general considerations upon which La Place’s 
formula for the deduction of height is based, and in order that the 
corrections which they give rise to, may be of easy computation, 
Tables 4, B, C are subjoined. It will be seen that A, furnishes 
the correction for the temperature of the atmosphere, JB, for that 
of the mercury, and O, for that of gravity under any latitude 4, 

We will explain the use of one of these Tables, 4 for instance, 
as that explanation will serve for the others. Enter this Table with 
the numerical value of (¢+-¢). If that value be forthcoming in the 
Table, then the quantity opposite is the proper value of A. 

Table for determing Alitudes with the Mountain Barometer. 


Thermometers in Open Air. 


4 78830 
4 78877 
4 78924 
4 78972 
4 79019 
477138 4 79066 


477187 479118 


4 81138 


4 81183 

481227 

4 81272 

4 81817 

4 77628 4 81362 


477677 481407 
477725 28 4 81451 
477774 138 4°81496 
4 77823 4 81540 
4 77871 4 81585 


4 77920 4 81629 
4 77968 9860 4 81674 
4 78016 481718 


4 78065 04 481763 
478118 4 79999 4 61807 
4 78161 06 481851 
4 78209 
4 78257 
4 78305 
4 78358 


i 


OP pie pe ph he 
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Attached Thermometers. Latitude of the place. 
T—T" 


i 
4 
by 


OOwds shobwmo ° 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


e 
00000 20 
00004 31 
00009 32 
00013 23 
00017 4 
00022 25 
00026 26 
00080 27 
00035 28 
00039 29 
00043 80 
00048 $1 
00052 $2 
00056 33 
00061 & 
00065 35 
00069 36 

0 00074 37 

0 00078 38 

0 00083 89 

0 00087 40 





SSSERSEREBEFSSRBRVRRRe 


If it be not forthcoming then take out A for (¢+-/) next less, 
and correct it in this way :—Compute the difference between the 
Tabular quantities next less and next greater than the required 
value. Multiply this difference by the excess of the given 
argument above the Tabular argument next less; the product is 
the correction required, which is positive because the Tabular 
quantity .4, forms an increasing series. In a similar manner, 
quantities B and C may be computed. 

Calculating B, A, and C, from the Tables given above, and 
taking out the Logarithms of A and § from a common Table of 
Logarithms, the computation of the difference of height may be 
effected in the following manner :— 

Put D==Log. B—(Log. B-+-B) 
Hence Log. 2==Log. D-+-A-+-C. 
2 being the difference of altitude in feet, between the two Stations. 
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Deduction of the Height of Sonakoda G. T. Station above Calcutta 
Observatory, by using the siz simultaneous Barometrical observa- 
tions made at both places on the 6th December, 1847. 


Mean Latitude, —24° 24’ (Table column C’) 0 00077 
Upper Station, Sonakoda, Lower Station, Calcutta Observatory 
Upper. Lower. 
Thermometer in open alr, t' == 708 ¢ =728 
Thermometer attached ...... T'=708 T = 73°2 
Barometer... ..ccescscsccvcce B' = 29 957 Bp = 380 169 
(7—") = 2 4 (Table, column B ) 0 00011, (¢-+2¢' = 143 6 (Table, column 4 ) 4°81745 
»B=00001l j= j= —§ sacssvescscecceses --. Log. = 8 46082 
Log. 8! = 1 47650 from Column C = 0 00077 
Log. f'+B [1 47661 from Column A = 4 81745 
Log. A’ .. == 1°47956 2 28804 
Drfference = 0 00295 Log. Difference of height = 194 1 feet. 


The Barometers used at Sonakoda were those marked Nos. 2 
and 3 by Troughton and Simms, of which the mean is taken as 
the numerical value for &. The standard Barometer, No. 86, by 
Newman, was observed at the Calcutta Observatory. 

By six corresponding barometrical observations on the 
the 6th December, 1847, the mean height of the cisterns 
of Barometers, Nos. 2 and 3, above the cistern of the Feet. 
Calcutta Barometer as deduced above is ........ ccesse L041 

By six similar observations on the 7th December .... 192°1 

Ditto ditto 8th ditto ....ccecvcccvcescsccvesese 1947 


Mean, ....eeee. 193.6 
The cisterns of Nos. 2 and 3 above the station mark... —2‘0 
Ditto of Calcutta Barometer above sea level ...... -f18°2 


Height of Sonakoda Station above sea level baro- 
metrically OGn ates eSteteevnetsenenneaeesa eeseneue ens 209'8 
The same deduced geodetically........ccessseeese. 2138 


Discrepancy .... 4:0 


The deduction of this height of the Sonakoda Base in the 
Purneah district at a distance of 255 miles from Calcutta, agrees, as 
will be perceived, remarkably well with the Trigonometrical Cal- 
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culation, the difference being only 4 feet. This proves the ad- 
vantage of the systematic record of meteorological observations at 
a fixed observatory. The scientific resedrches of an officer lately 
employed in Kumaon tend to prove that his barometrical observa- 
tions even across the Himalaya, follow all the Calcutta movements 
—and this view of the subject is confirmed by the deductions of the 
heights of the several mountains in Sikhim and Eastern Nepal by 
the accomplished traveller, lately traversing those parts, by means 
of similar simultaneous data, which have approximated in a re- 
markable manner to the trigonometrical results obtained by the 
Surveyor General of India. This adds therefore a peculiar value 
to the Calcutta Register and renders the observations there taken 
of great service to the traveller. The day curves given in this 
register are quite perfect, but it wants the 3 a. m. and 10 p. m. 
observations to make it complete as a meteorological record. 

An example of the difference of elevation between the top of the 
monastery hill at Darjeeling and Mr. Muller’s house at the same 
place, worked out by Bessel’s and La Place’s formula, gives the 
following results : 


By Bessel .........00 cece seseeeces 21420 Feet. 
By le ince ecco ciswecasecaves acne 214°35 
Difference 22... ....c0 sees esecees 0-15 


and agreeing with the trigonometrical height by 0°9 feet. The 
difference therefore, caused by the hygrometric state of the atmo- 
sphere, and allowed for by Bessel, but not taken into account by 
La Place, does not appear to be worthy of notice. 

A set of most useful “Tables for determining the altitudes of 
mountains by the Barometer and boiling point Thermometer,” 
have lately been published by Lieut. Colonel J. T. Boileau, the 
Superintendent of the Simlah Magnetic Observatory,* and no 
traveller should go without them. The barometrical Tables com- 
puted from Oltmann’s formule, are particularly convenient, espe- 
cially for persons who are not accustomed to logarithms. “The 
comparisons of English and French measures and of the different 
Thermometers” are also frequently required for reference in a 

* Printed at the Magnetic Observatory Press, Meerut, July, 1849. 
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country where you cannot always choose your own instruments, or 
foresee whether a Centigrade, Reaumur, or Fahrenheit Ther- 
mometer is to be used. The thermometrical Tables for finding the 
heights of the Barometer corresponding to different boiling points, 
have been computed from Regnault’s Table of the Elastic Forces of 
aqueous vapour, published in Taylor’s Scientific Memoirs, volume 
4th, to every tenth of a degree of Fahrenheit. The whole of these 
Tables are too elaborate, for any thing beyond a passing remark 
in this work, but we may safely recommend the compilation to 
general ‘notice, and express a hope that the intention hinted at in 
the Preface “of a reprint with additions,” may be speedily carried 
out. We must therefore content ourselves with giving a general 
explanation of this latter mode of proceeding for the determination 
of heights. 


THERMOMETRICALLY.* 


Those only, who have had any practical experience with such 
delicate and expensive instruments, as Mercurial Mountain Baro- 
meters, can be fully aware of the disappointments met with in a 
country like this, where the dangers and difficulties experienced 
with instruments of this description, are so constant, and the 
means of transit so unsuited to their use, and for replacing them 
from suvh great distances; any substitute, therefore, by which 


#* oN THE USE OF COMMON THERMOMETERS TO DETERMINE HEIGHTS. 


Having been recently applied to by two gentlemen about to travel—the one in Africa 
and the other in Asia Minor—for a desorption of the Thermometers and apparatus used 
by myself for some years in India for determining heights by the boiling temperature 
of water, I have ventured to believe that a brief account of a process which I found to 
produce results sufficiently near to the truth for most practical purposes, may not be 
unacceptable tg some members of the Society, particularly as I carried on my barome- 
trical observations contemporaneously, and thereby obtained data for fixing the value of 
certain points on the thermometric scale. To determine heights accurately, good Baro- 
meters are necessary, which have been carefully compared with a standard Barometer- 
the observations must be taken simultaneously at the upper and lower stations, and the 
temperature of the mercury and the air, and the hygrometric state of the latter, must 
be noted. Heights so determined, when tested again in the same or succeeding years, 
Ihave rarely found to vary more than 10 or 20 feet in 4000 or 5000, When Baro- 
meters are used which have not been previously compared with a standard, when the 
observations are not simultaneous, and when the pressure and temperature at the level 
of the sea are assumed, the results may, by accident, be near to the truth, but they will 
usually be from 100 to 300 feet wrong—at least such 18 the result of my experience 
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the heights of places may be measured, cannot fail to be ex- 
tremely useful in many instances and situations, which are per- 
petually occurring with travellers and explorers in the countries 
bordering on the British possessions in India. The common Ther- 


within the Tropics. But good Barometers are very costly; they are troublesome to 
carry, are particularly exposed to accident on a journey, and get out of order by the 
escape of the mercury, which, being frequently unobserved, the Barometer continues to 
be used as 1f 1t were correct. The late Archdeacon Wollaston, aware of these facts, 
invented the thermometric Barometer to supply the place of the ordinary Barometer. 
This instrument 1s very sensible, but it 1s very fragile from the great weight of the 
bulb compared with the slenderness of the stem; moreover, there are so1se complex 
accompaniments, and the instrument 1s also expensive im short, I found :t not fit for 
rough work out of doors, having had three destroyed at the outset of my lal ours, and 
the same opmuon is expressed by Mr. James Prinsep, of Calcutta, who is well known 
for the practical application of his scientific knowledge I had then recourse to con1- 
mon Thermometers, and, with certain precautions in their use, found them answer ray 
purpose sufficiently well A tin shaving-pot was my boiler; dry sticks and pure water 
were usually to be had, and by the time my Barometers were settled, I was ready to 
take the boiling temperature. The following 1s a sketch of the apparatus. F 
It will be seen that the chief part of the scale usually ; 
attached to the Thermometer 1s removed, only so much of it 
bemg left as may be demrable I, however, permitted the brass 
scale of one of my Thermometers to remain, and I did not dis- 
cover that it was the cause of error. Previously to taking the 
Thermometers inland, 1 1s necessary to ascertam their boiling 
points at the level of the sea, for in many instances the scales 
are so carelessly applied, that a Thermometer may mdicate a 
boiling temperature of 213°, 214°, or 216° at the level of the 
sea, one of mine stood of 2142 when water boiled Never- 
theless, by making a deduction of 2° 2’ in all observation, the 
indications rarely differed five-hundreths of a degree from the 
other Thermometer, of which the boiling point was 212° the 
temperature of the air and the height of the Barometer at the 





time the vertficatwn of the Thermometers 1s made must be 
noted. The following is the manner in which my observations 
were taken .—from 4 to 5.nches of pure water were put into 
the tin pot; the Thermometer was fitted to the aperture in 
the lid of the sliding tube by means of a collar of cork, the tin 
tube was then pushed up or down to admit of the bulb of the 


Thermometer, beg about éwo enches above the bottom of the ™ 


pot. Violent ebullation was continued for 10 minutes or a 
quarter of an hour, and the height of the mercury was repeat- ¢ 
edly ascertained during that tame, and the temperature of the 
air was noticed. Similar operations were repeated with a 
second Thermometer, for 1t 1s never safe to rely upon one 
instrament. Having obtained the boiling points, it remains to 
determine the value of the indication of diminished pressure 
when the observations are taken above the level of the sea. 
The elastic tension of steam at different points on the thermo- 
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mometer has been frequently practised in India for determining 
heights by the different temperatures of boiling water. According 
as the atmospheric pressure diminishes, so does water boil at lower 
temperatures, and thus the boiling point of water at different 
heights is computed. to measure these heights. The Thermometer 
used for this particular purpose, is described by Lieut. Colonel W. 


metric scale has been determined by experiment, but not at regular intervals on the 
scale, nor with simular results, by different persons Tables, therefore, computed from 
the formule of the various experimenters, do not accord; but m three Tables which I 
have in my possession, the heights computed by them, when compared with heights 
determined by corresponding barometrical observations with previously compared Baro- 
meters (the only satisfactory way to ascertam heights not taken trigonometrically,) 
approxmmate sufficiently near for all practical purposes where great accuracy 1s not 
dered, These Tables, however, differ shghtly from each other. 

The Table which first came mto my hands appeared anonymously in the Madras 
Gazette, for 1824. In 1826, an able friend, Lieut Robinson, of the Indian Navy, who 
entered warmly into my views to determme heights by common Thermometers, thought 
he could umprove upon the table I was using, and accordingly made a new computation 
the third Table came under my notice much more recently than the two former. It is 
computed by Mr James Pnnsep, of Calcutta, Secretary of the Amatic Society of Bengal, 
a gentleman distinguished for hus scientific research He published 1t in the Journal of 
the Society. To admit of a just estimate bemg formed of the value of these Tables, — 
of the value of corresponding barometrical observations, made with due precautions, 
although with different coadjutors and different instruments,—of the value of baro- 
metrical observations, with an assumed pressure and temperature, at the level of the sea, 
—of the value of thermometrical compared with barometrical observations,—out of 
many hundred heights determined mn various ways, I have taken many at random (the 
number, 1¢ appears, 18 eighty-eight) and 1 have put them into juxtaposition in a Tabular 
form In thermometric heights, the elements at the level of the sea were a bolng 
temperature of 212° Fahr. and a mean temperature of the air of 82°. The assumed 
preasure in heights determined barometrically, without corresponding observations, was 
30 inches, mean temperature 82°. In looking over the tabulated results, I was a good 
deal surprised to find that in no instance, by whatever method determined, do the baro- 
metric differences in height exceed 127 fect, and this only by comparing the lghest 
indications with an assumed pressure with the lowest mdications of correspondmg 
observations It will be seen that the various Tables for determming heights 
thermometrically, with certain exceptions, do not differ very matertally in their results 
from each other, nor from corresponding barometric observations ; the formule on which 
they are founded may therefore be considered, on the whole, sufficiently accurate for 
the present state of our knowledge. 

Lieut Robinson and Mr. Prinsep’s Tables give close approximations to each other in 
their results, but they are so much below the corresponding barometric observations, 
which I consider the true heights, as the results by the Madras Table are above the 
true heights, Some of them curiously comcide within a foot or two of the heights 
determined by corresponding barometrical observations, but this comedence must be 
the result of mere accident. Taking the mean of all the thermometric observations at 
a station calculated by the three Tables, and the mean of all the corresponding baro- 
metric observations at the same place, the utmost difference is 107 feet m less than 600; 
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H. Sykes, F. R. 8., in the 8th volume of the London Geographical 
Journal, wherein he has also given the Tables deduced by the late 
James Prinsep, to facilitate the computation of altitudes, as well as 
examples, for their practical application. These we have given in 
the foot notes, rendering but little further explanation necessary. 
The instrument with boiling apparatus complete is extremely simple, 
and any Thermometer with metal scale, reading sufficiently high, 
may be adapted to the shaving pot as described by Colonel Sykes. 
The great portability, and less liability to injury over the Baro- 
meter is the chief recommendation of this instrument, for of course 
the same accuracy cannot be expected from it. The results deduced 
from the use of these Tables appear always rather Jess than those 
obtained from careful barometrical observations, and if a number 
of careful observations obtained by both methods are compared to- 
gether, or with a trigonometrical or levelling process, they will 
afford the means of making any necessary corrections in the Tables. 
The approximation, however, is sufficiently close in the examples 


and the least difference is 8 feet in about 3000, but as the thermometric heights, in 
which the difference of 107 feet occurs, were sungle observations, made by a gentleman 
who had newly begun to use his Thermometers, they may be looked upon as probably 
less accurate than subsequent trials would have made them. Thuis 1s scarcely an unjust 
inference, as 1t will be seen that the next greatest difference made by the same gentle- 
man was only 24 feet m 4490. It must be admitted, however, that this amount of 
error 18 just as likely to occur im heights of 100 fect as in those of 10,000 My Ther- 
mometers were not graduated to less than half-degrees, and long practice enabled me to 
determine the height of the mercury im the steam to one-twentieth of a degree, but I 
would recommend Thermometers being used in which the degrees are graduated to 
fifths or tenths of a degree. On the whole, I think the results of mx ycars’ experience 
justify me in saying that common Thermometers may be satisfactorily used to supply 
the place of Barometers im measuring heights where great accuracy 1s not required; 
and it will be recollected that what 1s usually looked upon as a difficult and trouble- 
some operation with Barometers, will be attainable by any person who carries with 
him a couple of Thermometers, the requisite tan pot, and the Tables, and who 1s master 
of the simplest rules of arithmetic. 

Of the three Tables in my possession, I have chosen Mr. Prinsep’s, from their perspi- 
cuity and the facilities they offer for the conversion of boiling temperatures into heights 
with very little trouble, but a glance over the figures in my Tables of Altitudes will 
show that the Tables are susceptible of considerable improvement, for, with two excep- 
tions, all the heights deduced from Mr. Prinsep and Iaeut Bobmson are much below 
those determmed by simultaneous observations with good Barometers, and I jom with 
Mr. Prinsep mm expressing a hope that every traveller boilmg his Thermometers will, at 
the same time, if he possess a Barometer, make a record of its méhcation, and thus 


render essential service to physics, by fixing so many points on the scale of the elastic 
tension of steam at different temperatures. 
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given in Colonel Sykes’ book, as to induce great confidence in the 
method, and especially for determining the comparative altitudes of 
places in a mountainous country. 

The Tables being given in degrees of Fahrenheit, it will be neces- 
sary in case Centigrade Thermometers are used, to convert these 
indications into the corresponding ones of Fahrenheit, for which 


TABLE I. 


To find the Barometric Pressure and Elevation corresponding to any observed Temperature 
of Bosling Water between 214° and 180°. 


Proportional 
Boiling | Rarometer modified Logarithmic Total Altitude from | Value of each | Part for One- 
Point of from 1d’s meesor| 38000 ry Res = Dep reat rest tenth of a 
Water Formula. Fathoms Level of Degree 


Feet. : Feet. 
00°84 3 —10138 is 
845 507 aie 
30 00 84°9 0 
29°42 85:2 +-509 


} 
3119, 

98 85 85-5 1021 
{ 


30°59 


28 29 85 8 1534 
27°73 86 2 2019 
27°18 866 2566 
26 64 871 3085 
26 11 87°5 3607 
25°59 87°8 4131 


24 58 
24 08 
23 59 
23°11 
22°64 
22°17 90°5 
21°71 91°0 
21-26 91:4 
918 
92:2 
92°6 
93 0 
93 4 
93:8 
94:2 
94:8 
95'3 
959 
96°4 
96°9 
97-4 
97°9 


88 5 
88 9 
89°3 
897 
90°1 


| 
25°08 88-1 4657 
{ 





The Fourth column gives the Hesghts in Feet. 
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the formula is F = + 82 whenever the degrees are above the 
freezing point of water, and vice versd, for converting Fahrenheit 
into Centigrade measure—the formula will be C = 


TABLE II. 
Table of Multiphers to correct the Approximate Height for the Temperature of the Air. 


(P82) x 5 
9 





Enter with the mean temperature of the stratum‘of air traversed, and multiply the 
approximate height by the number opposite for the true altitude. 

When the Thermometer has been boiled at the foot and at the summit of a moun- 
tain, nothing more 1s necessary than to deduct the number in the column of feet oppo- 
site the boiling pomt below from the same of the boiling point above; this gives an 
approximate height, to be multiplied by the number opposite the mean temperature of 
the air in Table IT. for the correct altitude. : 


feet. 
Boiling point at summit of Hill lp ceam: near Pina ... 204-2 = 4027 
Boiling point at Hay Cottage, Pina . aeese: ‘ . 208°7 = 1690 
: pe fedstags 2387 
Temperature of the air above .....2..  .s2 . 2» ve 765° 
Ditto ditto below PSeeneeGaeane a2286 ee éj.§se¢88@80 e ee 83 


Mean 79 = Multiplier 1°098 


Correct altitude 2°566 feet. 
Mean of Barometer Observations 2°649 


Difference —83 
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When the boiling point at the upper station alone is observed, and for the lower the 
level of the sea, or the register of a distinct Barometer is taken, then the barometric 
reading had better be converted into feet, by the usual method of subtracting its loga- 
rithm from 1 47712 (log. of 30 inches) and multiplying by °0006, as the differences in 
the column of “‘ Barometer”’ vary more rapidly than those in the “ feet” column. 


Ezample.—Bouling pomt at upper station ...... cecccccees 185° = 14648 
Barometer at Calcutta (at 32°) 29 fi in. 15° 
Logar diff =1:47712—1°47849=-00363, ... .. 0006 = 218 
Approximate height... . . . oe 14880 
Temperature, upper station, 1. 
ai poet | we} 80==-multiplier ..... , 1100 
Correct altitude ..66. = suwe see 15763 


Assuming 30 00 inches as the average height of the Barometer at the level of the sea 
(which 1s, however, too much), the altatude of the upper station 1s at once obtained by 


inspection of Table I., correcting for temperature of the stratum of air traversed by 
Table IT. 
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LEVELLING. 


Levettine is the art of tracing a line at the surface of the 
earth, which shall cut the directions of gravity everywhere at right 
angles. If the earth were an extended plane, all lines representing 
the direction of gravity at every point on its surface would be 
parallel to each other; but in consequence of its figure being that 
of a sphere or globe, they everywhere converge to a point within 
the sphere which is equi-distant from all parts of its surface; or in 
other words, the direction of gravity invariably tends towards the 
centre of the earth, and may be considered, as represented by a 
plumbline when hanging freely, and suspended beyond the sphere 
of attraction of the surrounding objects. 


at 


In the above diagram let the straight line AB represent the sur- 
face of the earth, upon the supposition of its being an extended 
plane, the direction of gravity at the points, A, J, and B, would 
be represented by the lines AC, ID, and BE, all parallel to each 
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other, and at right angles to the horizontal line AB. Now if the 
surface was undulatory, as shown by the curved line AB, and it 
was required to make a section representing it, an instrument 
capable of tracing out a line parallel to the horizontal line AB (as 
a spirit-level) might be set up any where on the surface, as at J, 
and staves being placed or held along the line, as at a, 6, ¢, d, &-., 
the different heights above the ground where such staves were 
intersected by the lines so traced out, would at once show the 
relative level of all those points, with regard to the horizontal line, 
as a datum or standard of comparison. 

But as the earth is a globe, its circumference must be circular, 
as IKL, in the annexed figure: the straight line 4B, will there- 
fore not represent the surface of the earth, but the sensible hori- 
zon of an observer 
stationed at the point 
I, to which point it 
is a tangent, being at 
right angles to the 
radius of the circle (or 
semi-diameter of the 
earth) IC. <A line 
which is parallel to 
the sensible horizon of 
the observer, is the 
line traced out by our spirit-levels, and is a tangent to the earth’s 
surface at that point only where the instrument is set up: thus 4B 
isa tangent at J, and DE a tangent at F’; such being the fact, 
the difference of level between any two points cannot be deter- 
mined by simple reference to a horizontal line, since every point 
on the surface of the globe (however near to each other) has a dis- 
tinct horizon of its own. 

If the earth were everywhere surrounded by a fluid at rest, or 
that its surface was smooth, regular and uniform, every point 
thereon would be equally distant from the centre; but in conse- 
quence of the undulating form of the surface, places and objects 
are differently situated, some further from, and others nearer to 
the centre of the earth, and consequently at different levels. The 
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operation of levelling may therefore be defined as the art of finding 
how much higher or lower any one point is than another, or, 
more properly, the difference of their distances from the centre 
of the earth. 

Referring to our last figure, we have seen that the line 4B is a 
true horizontal or level line at the point J, but being produced in 
the direction 4 or B it rises above the earth’s surface; and al- 
though it may appear to be level as een from J, yet it is above the 
true level (which is represented by the circumference of the circle) 
at every other point, and’continues to diverge from it, the further 
it is produced; at G, the apparent line of level, as the horizontal 
line AB is called, is above the true level, by the distance GH, and 
at M by the distance DLN, the difference being equal to the excess of 
the secant of the arc of distance above the radius of the earth. 

The difference, GH or JN, between the true and apparent 
level may be thus found. Put ¢ 

in the following diagram for the 
tangent IH, r for the radius CI 
@ of the earth and « for GH, the 
excess of the secant of the arc 
of distance above the radius; JH 
being considered as equal to JG; 
then 
r+e%or+i 
or P+ Qre + ert P 

and 2rz-- a = # 

or (2r + 2) ¢@=—? 

But because the diameter of the earth 27 is so great with respect 
to the quantity (7) sought at all distances to which a common 
levelling operation usually extends, that 2r may be taken for2r--2 
without sensible error; we then have 

2rz == F 


I t 


Or in words :—The difference (x) between the true and apparent 
level is equal to the square of the distance (¢°) divided by the diameter 
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of the earth (2r) and consequently 4s always proportional to the square 
of the distance. 
The mean diameter of the earth is 7916 miles and the excess 


of the apparent above the true level for one mile = ae of a 


mile, or 8.004 inches, at two miles it is four times that quantity 
or 32.016 inches, and so on increasing in proportion to the square 
of the distance. 

If we reject the decimal .004 and assume the difference between 
the true and apparent level for one mile, to be exactly 8 inches, or 
two-thirds of a foot, there arises the following convenient form for 
computing the correction of level due to the curvature of the 
earth, for distances given in miles, viz, 22", D being the dis- 
tance in miles. 

A very easily remembered formula, derived from the above for 
the correction for curvature in feet is two-thirds of the square of 
the distance in miles; and another, for the same in inches is the 
square of the distance in chains divided by 800. 

But the effect of the earth’s curvature is modified by another 
cause, namely, refraction. This, as regards celestial objects, has 
already been explained in part u., page 137, and is equally 
applicable to our present subject. The distance at which an 
object can be seen by the aid of refraction, is to the distance at 
which it could be seen without that aid, nearly as 14 to 13, the 
refraction augmenting the distance at which an object can be seen 
by about a thirteenth of itself. Hence to correct the error occa- 
sioned by refraction, it will only be requisite to diminish the 
effects of the earth’s curvature, or height of the apparent above 
the true level, by one-seventh of itself. 

The following Table shows the reduction of the apparent to the 
true level, both for the curvature of the earth only, and also for 
the combined effects of curvature and refraction. 
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Table of the difference of the apparent and true level for distances 
in Chains. 


in 
Curvature, 1m 
Chains. decimals of feet. 


000104 000089 012610 
000417 015007 
000838 
“001668 
*002 

008752 


*005107 
| 006670 


I 
2 
8 
4 
5 
8 
rf 
8 
9 
10 


008442 
010422 





The correction for distances greater than those given in the 
Table may be computed by the following rule—the same by which 
the Table itself was computed :— 

Rule.—To the arithmetical complement of the logarithm of the 
diameter of the earth, or 2.38788608, add double the log. of the dis- 
tance in feet, the sum wil be the log. of the correction for curvature in 
Jeet and decimals; from ulich +f one-seventh of itself be subtracted, 
the result will be the combined correction for currature and refraction. 

Little dependance can however be placed upon the accuracy 
of any tabulated quantities on account of terrestrial refraction, 
for when near the horizon it is unequally influenced by the 
variable state of the atmosphere. The rays are sometimes affected. 
laterally, and they have been even seen convex instead of concave. 

In the 2nd part of this work, we have given a full description of 
the various instruments used in levelling operations, we will not 





—— 
= = 


therefore revert to them here 


ond making a few remarks on 
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levelling staves, and also on an instrument of simple construction 
as represented in the adjoining figure, its use being to rest the 
levelling staff upon when held at any station. It consists of a tri- 
angular piece of sheet iron, of about one-tenth of an inch in thick- 
ness, having the corners turned down to form the feet of the tripod, 
which are to be pressed into the ground by the foot of the staff- 
holder ; a rounded piece of iron is rivetted on the upper surface, to 
present a clean spot to rest the staff upon when held at the station ; 
the chain with the attached ring is for the convenience of the staff- 
holder in lifting it from the ground, and carrying it from station to 
station ; by the use of the above instrument, the staff is sure to be 
kept on the same spot, and at the same height from the ground 
while the observer is reading the staves both at the back and for- 
ward station on each side of the spirit-level. 

The levelling staff, a necessary accompaniment to all levelling 
instruments, has been hitherto always made with a sliding vane to 
move up and down a staff graduated to feet and 
decimals of feet and inches.* A description of 
staff has however been lately introduced, by ae 
Mr. Gravatt, the face of which is made broad 
enough to contain sufficiently large graduations 
and figures, for the observer to read with cer- 
tainty through the telescope of his instrument 
to the one-hundredth part of a foot at the dis- 
tance of 12 chains or more, which is sufficient 
for most practical purposes, thus securing 
greater certainty and expedition in the work. A short description 
of this staff has already been given at page 147, and the only care 
required on the partof thestaff-holder, in using it, isthat hemay holdit 
perpendicular. To assist him in this, a small plummet is suspended 
in a groove cut out in the side of the staff, by which its verticallity 

* This was effected by a string and pulley, or the staff itself was mado m two or 
three pieces, each of the upper pieces sliding in a groove in the one next below it For 
any height less than the length of the first piece (generally about 6 feet) the vane was 
shd up or down with the hand, but for a greater height, the second piece with the vane 
at the top, was moved up bodily tall the centre of the vane was cut by the le of the 


optical axis of the instrument, when the height was read on another scale graduated 
downwards from the top on the side of the lower jomt of the staff. 
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can be determined in one direction, and the observer himself can 
detect if it be held aslant in the other direction, as may be under- 
stood from the adjoining diagram, 
which represents the staff ¢ as it 
appears in the field of an invert- 
ing telescope, where ab represents 
the horizontal wire, ¢ and d two 
wires placed at right angles to it, 
and separated so as to admit at 
usual distances, the staff e to 
appear between them and by 
which the observer can tell if the 
staff-man holds it erect in a late- 
ral direction. 

Levelling staves of the above description are now generally used 
in India, and are manufactured in the mathematical instrument 
department. They are better adapted for the climate than the one 
with vane and vernier, the staffinvariably warping, and the vernier 
coming off, rendering the instrument for the time unserviceable. 
Any defect caused by the wear of Gravatt’s staff can be remedied 
by the Surveyor himself, the edges being secured by a moulding 
screwed on, and the face of the staff can be renewed by glueing on 
new strips of paper with the divisions marked on them, which with 
the protection of a coat of varnish will make the instrument again 
serviceable. 

"From what has been said on the subject of the corrections for 
curvature and refraction, itis necessary to remark that such correc- 
tions are very seldom applied in practice, the observer by the 
arrangements of his operations doing away in a great degree 
their injurious effects. 

The method adopted in practice, is to place the instrument as 
near as possible midway between the station staves, the effect of 
curvature is thus removed, as well as that of atmospheric refraction, 
as the latter will affect both observations alike, unless under pecu- 
liar circumstances of the weather, &c., over which the observer has 
no control. In an extended line of operations, it can however 
scarcely ever happen that one placing of the instrument will com- 
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plete it, a succession of similar operations must therefore be per- 
formed, as shown in the annexed figure. 


| 
A B C ¥ rm 


Suppose it were required to find the difference of level between 
the points A and G; a staff is erected at A, the instrument is set 
up at B, another staff at C, at the same distance from B, that B is 
from A, and the readings of the two staves are noted. The instru- 
ment is then conveyed to D, and the staff which stood at A, is now 
removed to E, the staff C, retaining its former position, and from 
being the forward staff at the last observation, is now the back 
staff: the readings of the two staves are again noted, and the in- 
strument removed to F', and the staff C, to the point G, the staff at 
E, retaining the same position now becomes in its turn the back 
staff, and so on to the end of the work, which may thus be extended 
many miles: the difference of any two of the readings will show 
the difference of level between the places of the back and forward 
staff; and the difference between the sum of the back sights, and 
the sum of-the forward sights will give the difference of level be- 
tween the extreme points thus: 


Back Sights. Fore Sights. 
° Ft. Dee. Ft Dee. 
A, and C, 10 46 _ 11°20 
C, » E 11°33 ns 8:00 
E, », G, 7 42 = 791 
Sums 2921 27°11 

27°11 


Difference of level 210 


showing that the ‘point G, is 2 feet, and “¢ higher than the 


point A, 

The foregoing process is called compound levelling. The following 
is an example of simple levelling, being performed at one operation 
and therefore subject to the correction for curvature and refraction 
to obtain a correct result. 
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If it were required to drain a Jheel A, by making a cut toa 
stream at B, a distance of 20 chains: let a level be set up at CO, and 
directed to a staff held upright at the edge of the water at B. The 
horizontal line CD represents the line of sight which would cut the 
staff at D, the reading being 17-44 feet; the height of the instru- 
ment above the ground was 4 feet, and the depth of the Jheel 10 
feet ; therefore the difference of level between the bottom of the 
Jheel and the surface of the stream was as follows: 





Ft Dee 
Reading of the staff .. , : 17 44 
Height of mstrument . sa 400 
Depth of Jheel 2 10 00 
Curvature and Refraction for 20 Chs, 003 
see Table, page 442, . . } 

14 038 

Difference of level 341 
The following will explain the method to be pursued in levelling 


a tract of country. 

In the first instance the staff-holder must place his staff on the 
Bench mark* from whence the levels are to commence. The Sur- 
veyor must then set up his spirit-level in the most suitable spot 
which presents itself, from whence he can have an uninterrupted 
view, not only of the staff at the back station, but also for a consi- 
derable distance in the direction he wishes to carry his levels. The 

* In the practace of levelling, 1f 1s usual to leave at convenient intervals, what are 
called Bench marks, these mostly consist of permanent objects, such as stumps of trees, 
milestones, etc., on which 1¢ 1s usual to cut a distinguishing mark, that 1t may be known 
hereafter. Their use 1s chiefly for future reference, m the event of its beg necessary, 
either to check the levels by repetition, to change the direction of the line of levels from 


any point, or to take up and continue the levels at the commencement of a day’s work, a 
Bench mark having been left at the close of the day preceding. 
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station selected should not in any case exceed 4 or 5 chains, for 
when. long distances are taken, unless both the back and forward 
stations are equally distant from the instrument, errors will gradu- 
ally creep in, which in a long series of levels, are liable, by their 
accumulation, to be of serious consequence. 

The proper station being determined on, and the level adjusted 
for observation*, it must be directed to the back staff and the foot 
and decimal fraction of a foot, with which the central part of the 
horizontal wire appears to be coincident, noted with all possible 
exactness, and entered in the proper column of the Field or Obser- 
vation Book ; as soon as it is registered, look to see that the spirit 
bubble has not returned from its central position, and then repeat 
the observation, to ensure that no mistake has been made in 
noting it. 

The back observation being made, turn the Telescope round in 
the forward direction ; then look at the spirit bubble, and if it has 
at all changed its position, by receding towards either end of the 
tube, bring it back to the centre by the parallel plate screws, then 
observe what division on the staff is intersected by the cross-wire, 
and enter the reading in the proper column of the Field-book. 
Having entered it, verify it by a second observation, which will 
complete the first levels. The first levels being completed, the 
Surveyor, passing the man who holds the forward staff, proceeds to 
some convenient spot to set the instrument a second time, which, as 
before remarked, should not be more than 4 or 5 chains distant ; 
the man who held the staff at the back station likewise proceeds 
still further onwards to take up a new station, and as nearly as pos- 
sible at the same distance from the instrument, as the instrument 

* The Level must be adjusted for observation in the followmg order Furst draw out 
the eye-piece of the Telescope till the crass-wires are perfectly defined, then, directing 
it to the staff, turn the milled-headed screw A, (see figure, page 141) on the side of the 
Telescope, till the smallest graduations on the staff are hkewise clearly distinguishable , 
that these two adjustments be very carefully and completely performed 1s of more con- 
sequence than 1s generally supposed, for upon them depends the existence or non-exist- 
ence of parallax to remove which has already been explained at pages 142 and 148 
The above adjustments bemg made perfect, bring the spimt bubble into the centre of 1ts 
glass tube, and which position it must retain unmoved 1n every direction of the instru- 
ment, this 1s accomplished in the same manner as in the Theodolite by bringing the 
Telescope successively over each pair of the parallel plate screws, and giving them 


motion, screwing up one, while unscrewing the other to an equal extent 
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is from the staff, which has now become the back station. The 
instrument is then again adjusted, and the same process followed as 
above described, until arrived at the end of the series. 
The foregoing description of the method of taking levels is 
general, and applies equally to every kind of levelling operation. 
The following is the form of Field-book used for entering the 
observations, &c. 


Form of Fueld-book for Observations. 


a0 

3 
B 

Fy 


2| 9 40208 161 227 | 360 
3| 8 87,207 10| 5 08 | 370 
4} 263206 40| 659 | 370 
s| 14-62'205 10] 8.92 | 3 80 602] 13671 . . 


6 is aa 4°64 | 395 145) 1068) ...| 1655) ... 


pore 


100 feet above datum 





Where levels are made for the formation of a section it is neces- 
sary that the distance between the levelling staves be measured, as 
swell as the bearing observed of each staff to enable the Surveyor to 
plot and draw the section, but in running or check levels there is 
no necessity for the chain or compass, the object of check levels 
being only to obtain the difference of level between certain inter- 
mediate and the extreme points of the section previously made, to 
check its accuracy. It is also immaterial by what route we pro- 
ceed from one point to another, so that such spots may be selected 
for the stations as are most convenient for the purpose, and may 
afford opportunity of checking any intermediate points on the sec- 
tion line. The Field-book required therefore for check levels is 
merely a simple entry of back and fore sights, the difference of the 
sums of which will be the difference of level ares the extreme 
points of the Section line. 
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Form of Fld-book for check levels. 


Remarks. 


Back station on bench mark at mile=. 
stone 72. 


Forward station top of milestone 87. 





It is usual to refer all levels to a certain datum line, previously 
fixed, and in the course of a long series of levels, 
to keep a register of the heights of particular spots, 
above this given datum, which may be considered as so many zero 
or fixed points, easily recognizable, if carefully noted in the Field- 
book, and from whence any portion of the work can be leveled over 
again, or branch lines of level be conducted in any direction, and 
the levels of such branches be comparable with those of the main 
line. 

This datum line should invariably be assumed from some known 
and fixed permanent point which may always be referred to, without 
the chance of doubt and misconception at any subsequent period. 
For instance, the recent levels of the town of Calcutta, taken by 
Mr. Simms, the Consulting Civil Engineer to Government, are all 
calculated from the bottom or sill of the stone on the Tide Gange at 
Kyd’s Dockyard, a point which must always be easy of ascertain- 
ment, and which is peculiarly convenient for comparison with the 
mean level of the sea. 

This point of the Tide Gauge has been ascertained to be 8.38 feet 
below the sea level, by a series of observations of the heights of the 
tides at Calcutta at high and low water, from which the lowest 
monthly average of the mean tidal level in the months of February 
and March, has been assumed as the mean level of the sea. 

The observations made for this purpose tend to show that the 
locality of Calcutta is unfavorable for determining with great pre- 
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cision the mean sea level, owing perhaps to the length of the chan- 
nel which the tides have to traverse, and the great effect produced 
by the rise of the river in the monsoons, the difference of the mean 
height in the month of September being 6} feet above that of 
February or March. 

But these disturbing causes are, for the most part, independent 
of the influence of the sea itself, the monthly mean tide of which 
should be an uniform quantity affected only to a slight degree by 
the pressure of the wind. Divested of these anomalies it may be 
concluded that the mean state of the water in the river can never 
be Jower than the actual sea level, the lowest monthly average of 
mean tide is therefore perhaps the nearest approximation to the 
truth. 

According to these levels, the surface of the mercury in the cistern 
of the Standard Barometer in the Calcutta Observatory* is 18-21 feet, 
and the floor of the large puckha Ghat, inscribed to Lord William 
Bentinck and known as “ Baboo’s Ghat,” exactly 17°79 feet above 
the mean level of the sea. 

When a line of levels of any considerable length is to be plotted, 

Plotting Sec- the horizontal distances cannot be laid down on as 
ae large a scale as is necessary for the vertical heights 
above the datum point, in order that the section may be of any 
practical use, without making the plot of most unwieldy dimensions. 
It is therefore usual to make the vertical scale much larger than 
the horizontal one: thus 4 inches to a mile for the horizontal dis- 
tances, with one inch to 100 feet, for the vertical distances, is an 
usual combination ; the vertical scale being so much greater than 
the horizontal, shows the depths of cutting and embankment re- 
quired in the execution of roads, railways, canals, &c., with greater 
clearness than if both scales were equal. 
For instance, to plot the line of levels as given in the Field-book, 


page 448. 


® The old Observatory No. 19, Chowringhee Road, is here alluded to. The present 
Observatory is situated at No. 85, Park-Street, where 1¢ originally stood. 
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Data 80 fee? lowerthan Bench Mark ab A 


Draw a line AB representing the horizontal line as the datum to 
which the levels are reduced, as shown in the Column headed 
‘From Ist Station in the series,” assume any point a as the starting 
point from which set off the measured distances, as given in the 
back and fore distance columns, at these several points raise per- 
pendiculars, and on them lay off the differences of level from the 
Ist in the series; join these several points, and the section is 
completed. 

The section being 100 feet above the previously fixed datum 
point, all that is required to represent this, is to draw a line CD, 
parallel to 4B, at 100 feet below it, then by drawing perpendicu- 
lars from the surface line to this new datum, as shown by the dotted 
lines, the transfer will be complete, as the heights of any points can 
be measured by the scale of the section. In plotting sections, it is 
the horizontal distances between the several stations that must be 
laid down. When the ground rises and falls in long regular 
slopes, the measurement as taken along the slopes, must be reduced 
to horizontal distances by calculation. If the rise or fall is but 
slight, this reduction may be altogether disregarded, the difference 
between the horizontal and hypothenusal measurements not exceed- 
ing the limits of error in the measure itself. 

The following Table, showing the reduction to be made on 
each chain’s length, will assist in making the necessary calcula- 
tion. 

The application of the Theodolite to the practice 
of leveling is an operation of great simplicity. 

The instrument is set up at one extremity 
CHAPTER XXIII. | 2a2 


Leveling with 
Theodolite. 


452 


of the line previously marked out by bande- 
roles or long pickets at every change of the 
general inclination of the ground; and a 
leveling-staff, with the vane set to the exact 
height of the optical axis of the Telescope, 
being sent to the first of these marks, its 
angle of depression or elevation is taken, 
and by way of insuring accuracy, the in- 
strument and staff are then made to change 
places, and the vertical arc being clamped 
to the mean of the two readings, the cross- 
wires are again made to bisect the vane. 
The distances may either be chained before 
the angles are observed, marks being left 
at every irregularity on the surface where 
the leveling-staff is required to be placed ; 
or both operations may be performed at the same time, the vane on 
the staff being raised or lowered till it is bisected by the wires 
of the Telescope, and the height on the staff noted at each place. 
The accompanying sketch explains this method :—A and B are 
the places of the instrument, and of the first station on the line, 
where a mark equal to the height of the instrument is set up; 
between these points the intermediate positions a, b, ¢, d, for putting 
up the leveling-staff are determined by the irregularities of the 
ground. ‘The angle of depression to B is observed, and if great 
accuracy is required, the mean of this and the reciprocal angle of 
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elevation from B to A is taken, and the vertical arc being clamped 
to this angle, the Telescope is again made to bisect the vane at B. 
On arriving at B, after reading the height of the vane at a, b, ¢, &c., 
and measuring the distances A a, &c., the instrument must be 
brought forward, and the angle of elevation taken to (, the same 
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process being repeated to obtain the outline of the ground between 
Band C. In laying the section down upon paper, a horizontal 
line being drawn, the angles of elevation and depression can be 
protracted, and the distances laid down on these lines ; the respective 
height of the vane on each staff being then laid off from these 
points in a vertical direction, will give the points a, b, c, &c., marking 
the outline of the ground. A more correct way of course is to 
calculate the difference of level between the stations, which is the 
sine of the angle of depression or elevation to the hypothenusal dis- 
tance AB considered as radius, allowing in long distances for curva- 
ture and refraction. 

Instead of only taking the single angle of depression to the 
distant Station B, and noting the heights of the vane at the inter- 
mediate Stations, a, b, c, &c., angles may be taken to mark the 
same height as the instrument set up at each of these intermediate 
pots, which will equally afford data for laying down the Section ; 
but the former method is certainly preferable. 

The details may be kept in the form of a Field-book, but for this 
species of leveling the measured distances and vertical heights can 
be written without confusion on a diagram, leaving the corrections 
for refraction and curvature (when necessary) to be applied when 
the section is plotted. ; 

Where a number of cross sections are required, the Theodolite is 
particularly useful, as so many can be taken without moving the 
instrument. It is also well adapted for trai sections, where minute 
accuracy is not looked for, but where economy, both of time and 
money, is an object. 

The Theodolite is likewise used in running check levels, to test 
the accuracy of those taken in detail wth a spirit-level. Reciprocal 
angles of elevation and depression, taken between bench marks, 
whose distances from each other are known, afford a proof of the 
general accuracy of the work; and if these points of reference are 
proved to be correct, it may safely be inferred that the intermediate 
work is so likewise. 
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ANOTHER species of leveling to be described, is that by which 
certain data are given, from which the outline of a horizontal sec- 
tion of the ground can be constructed, and is called “Contouring,” 
a term which is applied to the outline of any figure and consequently 
to that of any section of a solid body; but when used in connec- 
tion with the forms of ground or of works ef defence, the outline of 
a horizontal section of the ground, or works, is alone to be under- 
stood by it. 

Contour lines give a most perfect delineation of the ground, and 
they are the only part of a Survey which will remain unaltered in 
the lapse of ages, hills and valleys being much more permanent 
things than houses, roads and boundaries, which cease to give 
accurate information in a few years and require revision at a great 
cost. 
It would be useless expense to increase the number of Contour 
lines on mountain ground where no probable demand either for 
roads or drains exists; and on the other hand, in districts which 
are nearly level, Contours only at great difference of altitude would 
be of little practical utility. 

In waste lands, Contours tend to a knowledge of the best mode 
of improvement, as the levels are connected with each other 
throughout the country, and referred to the sea as a datum line. 
As a general system, however, Contouring can scarcely be said to 
be applicable to India, where the mountains are inaccessible and 
for the most part untrodden, and the wastes impenetrable and im- 
pervious, from the denseness of the jungle and rankness of the 
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vegetation. The undulations and round smooth downs of England 
are here wanting, and the vast extent of the country leaving but 
few points fixed by the great triangulation, the operation, so simple 
on the Ordnance Survey of England, would be one of much diffi- 
culty in this country, where there is so little to mark the inequali- 
ties of the surface until the stupendous hills rise suddenly and pre- 
cipitously above the general level.* 

A few remarks on the system, however, which has become so 
common in England, will not be misplaced. 

“The method of tracing these Contours in the field is thus per- 
formed. Banderoles or long pickets are first driven, one at the 
top and another at the bottom of such slopes as best define the 
ground, particularly the ridge lines and watercourses; should no 
such sensible lines exist, they must be placed at about equal 
intervals apart, regulated by the degree of minutie required, 
and the variety in the undulations of the surface of the ground. 
A short picket being driven on the level of the intended upper 
(or lower) line of Contours, and in line between two of the ban- 
deroles, the level is placed so as to command the best general view 
of this first line and adjusted, care being taken that its axis is not 
so low as to cut the ground below the picket (or so high as to be 
above the top of the leveling-staff, if the lower Contour is the 
first traced) ; the staff is then placed at this picket, and the vane 
raised or lowered till it is intersected by the cross-wires of the 
Telescope, the staff is then shifted to another point on about the 
same level, and in the line between the next two pickets, and the 
staff itself moved up or down the slope till the vane again coin- 
cides with the cross-wires, at which spot another picket is driven. 
This operation is continued, till it is necessary to move the level 
to continue the same upper Contour lines, when (the staff being 
placed at one of the pickets just driven) the vane is again raised 
or lowered to suit the next position of the axis of the instrument 
and kept at this height, as before, for the continuation of the 


* “The Contouring on the Ordnance Survey of Scotland has been set aside, on the 
recommendation of a Committee of the House of Commons by the advice of the first 
Engineers in England.”"—Vide Article m the Edinburgh Review on the Ordnance 
Survey of Scotland. 
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line. To trace the next lower Contour line, it is merely necessary 
to raise the vane on the staff, five, ten, or whatever number of 
feet may be the vertical distance determined upon, and proceed as 
before. When the level itself has to be moved to lower ground, it 
must be so placed that its axis will cut the ground above one of the 
pickets of the line just marked out, and the same quantity of five 
or ten feet added to the reading of the staff at this picket, will 
give the height of the vane for the next lower horizontal line. 

‘The use of driving all these pickets, marking out the Contours 
nearly in the same line down the slopes, becomes evident when 
they are to be laid down on the plan, the places of the original 
banderoles or long pickets being fixed with reference to each 
other, it is only necessary to measure between them, entering the 
distances on these lines, with the offsets to the right or left to 
the different short pickets marking the horizontal lines.” * 


* The instrument, best adapted for Contouring where a rapid delineation of country 
is an object frequently of greater importance than accuracy, 18 the water-level, ita best 
recommendation being the facility with which it can be made and requiring no adjust- 
ment when using it. The following description 1s taken from ‘ Frome on Surveying ” 

The French water-level 1s much used, on the continent, in taking sections fur military 
purposes. It possesses the great advantage of never requiring any adjustment, and does 
not cost the one-twentieth part of the price of a spimt-level. From having no Telescope, 
it is impossible to take long mghts with this instrument , and 1t 18 not of course suscept- 
ible of very minute aecuracy but, on the other hand, no gross errors can creep into the 
sectien, as may be the case with a badly adjusted spimt-level, or a Theodolite used as 
such, the horizontal line bemg adjusted by nature without the mtervention of any 
mechanical contrivance. As this species of level 1s not generally known i England, 
the following description 1s given ; which, with the assistance of the sketch, wall enable 
any person to construct one for himself without further aid than that of common work- 
men to be found m every village 

@ b is a hollow tube of brass about 
half an inch in diameter, and about 
three feet long, ¢ and d@ are short 
pieces of brags tube of larger diameter, é 
into which the long tube 1s soldered, 
and are for the purpose of receiving 
the two small bottles¢and /, the ends 
of which, after the bottoms have been 
cut off by tying a piece of string 
round them when heated, are fixed nm 
their positions with putty or white lead 
—the projecting short axis g works (in 
the instrument from which the sketch 
was taken) in a hollow brass cylinder 
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“Contoured plans from which sections are to be constructed, 
are generally plotted on, about the same scale as special surveys of 
estates, that is, on one of 2, 8, or 4 chains, to one inch. Small 
portions of ground for military purposes, where the vertical 
distances are under five feet, may even be laid down on a scale of 
one chain to one inch.”’* 

The method adopted in carrying on the Contours of the 
Ordnance Survey of England is detailed in the following memo- 
randum obtained from the Ordnance Map Office at Southampton, 
and which gives a clear explanation of the subject. 

“By the aid of Contours we obtain such a perfect knowledge of 
the configuration of the country, that every map may be said to 
be a model of the district, and their advantage increases in pro- 
portion as the area to be examined is extended. 

“The Contour lines are formed by connecting points of equal 
altitude determined by leveling, and traced through any district ; 
they are placed at equal altitudes above each other as at 25, 50, 
100 feet, &c., depending upon the nature of the country, and 
these are taken above a given datum level. 

‘The mean level of the sea is found to be a more constant level 
round this kingdom. 

“The tides from the springs to the neaps may be said to oscil- 


h, which forms the top of a stand used for observing with a repeating circle , but it may 
be made in a variety of ways so as to revolve on any hight portable stand. The tube, 
when required for use, 18 filled with water (coloured with lake or indigo), tull 1t nearly 
reaches to the necks of the bottles, which are then corked for the convemience of carriage. 
On setting the stand tolerably level by the eye, these corks are both withdrawn (which 
must be done carefully and when the tube 1s nearly level, or the water will be ejected 
with violence) and the surface of the water in the bottles being necessarily on the same 
level, gives a horizontal line in whatever direction the tube 1s turned, by which the vane 
of the leveling-staff 1s adjusted A slide could easly be attached to the outaide of ¢ 
and d, by which the intersection of two cross wires could be made to coincide with the 
surface of the water in each of the bottles; or floats, with cross hairs made to rest on 
the surface of the fluid m each bottle, the accuracy of their intersection being proved by 
changing the floats from one bottle to the other either of these contnvances would 
render the mstrument more accurate as to the determmation of the horizontal line of 
sight , though one of ita great merits, quickness of execution, would be umpaired by the 
first, and its simpheity affected by either of them. For detailed sections on rough 
ground, where the staff 1s set up at short distances apart, 1t 1s well qualified to supersede 
the spirit-level, and is particularly adapted to tracing Contour Imes. 
* Frome on Surveying 
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late above and below the mean tidal line, and it is found that 
although the rise and fall of the tides varies in amount round the 
coast, the mean tidal line is nearly a constant level, and it is 
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therefore a much better line of reference for the Contours than 
any other. 

“‘To illustrate the principles of Contouring, first take as an 
example an isolated hill or an island, and the section in any 
other direction as CD can be given at once. 





“Take an example of a supposed more extensive district, and 
that other Contours are interpolated by the eye, which can be 
done with great accuracy where there is so much fixed data. 

‘«¢ The line which a road should take from 4 to B may be deter- 
mined better in the closet than on the ground, and without 
having reference tv local surveys made too frequently under the 
dictation of local influence, to obtain a particular object, and in 
disregard of the interests of the community who have to pay for 
the construction and maintenance of the road. 
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Contouring. “The Contouring on the Ordnance Survey is 

divided into six branches, viz. 

1. Initial leveling.. 2. Road and Trigonometrical line leveling. 
3. The Contouring. 4. Plotting. 5. Examining. 6. Hill 
Sketching. 

“The initial leveling is the first operation, and is the basis of 
all the rest. It consists in leveling with a 
superior instrument, the main roads in any dis- 
trict of country, leaving permanent marks (either copper bolts or 
bench marks on masonry) the value of which, in altitude, is most 
accurately fixed by twice or even three times leveling. The 
work is kept in Field-books, and the leveler makes a survey of 
the road as he works, in order that the position of the marks and 
altitudes may be correctly plotted on the plans when made. The 
instruments used on the survey, are 12-inch spirit-levels. 

‘This leveling has been carried on to a considerable extent in 
England and Scotland, and is much in advance of the Contouring. 

2nd. “Road and trigonometrical line leveling for Contour 

purposes, is built upon the initial leveling, and 
metnoal eee depends upon it. 

‘“‘'The books of the initial leveling having been 
worked out at the map office, a correct list of the marks and their 
values is furnished to the district office for any district required 
to be Contoured. 
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‘This district is then carefully perambulated, and such roads as 
pass over important features of ground are leveled with a second 
rate instrument (a 10-inch or 5-inch Theodolite.) As it is found 
that roads generally keep to the valleys and are not so useful for 
Contouring purposes when leveled as lines at right angles to the 
general run of Contours, recourse is had to trigonometrical line 
leveling, that is to say, lines of levels are run from one trigono- 
metrical station to another, crossing the general run of Contours 
at right angles as nearly as possible. 

“Sometimes a road may be found that goes directly up a hill, 
and then it is invariably used for leveling purposes in preference 
to a trigonometrical line, on account of the facility in working on 
it compared to leveling in fields; wooden pickets are left along 
these lines wherever there is no means of making a bench mark 
on masonry, and the values given in leveling have reference to 
the tops of these pickets. This Contour leveling depends upon 
the initial road leveling, inasmuch as it starts from some mark on one 
initial line, and closes on some other mark. 

Srd. “The non-commissioned officer in charge of a section of 
Contourers, has a list given him of the marks in the district he 

is employed upon; when he requires any 

Contouring. particular Contour line laid down, he furnishes 

the party who is to do it, with the position and 
value of the nearest mark to the required altitude on a leveled 
line; this is used for a starting point, and having risen or fallen 
from this mark till he has obtained the Contour height, he pro- 
ceeds to lay out the Contour line by rods fixed in the ground as 
a temporary mark, at the same time he surveys the position of 
these rods with reference to the detail shown on a plan furnished 
to him, and enters the survey in a Field-book. 

“At certain convenient places on his Contour line he leaves 
wooden pickets which enable his work to be tested afterwards, and 
he continues this operation till he comes across some leveled line, 
the position of which, with the marks, is shown on his plan. He 
levels up or down (as the case may be) from his Contour to the 
nearest bench mark on this leveled line, and finds the difference 
in altitude between them, which difference he takes to the non- 
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missioned officer, who knowing the value of the bench mark closed. 
upon, is able to tell whether the Contour is correct at the close. 

‘¢Tf in a flat country an error is manifest of two or three-tenths 
of a foot, the Contour is run again, but in a moderate country half 
a foot is allowed to pass; no Contour is allowed to go much 
beyond four or five miles without a check of this kind. 

4th. “The Field-books and plans being sent in, the work is 
plotted on the engraved sheets; the bench marks on the leveled 

Plotting lines being also plotted, and the position of the 

wooden pickets left by the Contourer shown, one 
sheet is sent in this state to the examiner for examination, 

5th. “ Who is directed to walk every Contour line in order to 
see whether the plotting is correctly done, and to 
fill in all omissions arising from incorrect refer- 
encing of the Contour Field-books, &c., also to re-contour what- 
ever is doubtful, and to check a fair number of the Contours, by 
leveling from some permanent mark to one or more of the 
wooden pickets left by the Contourer. The examiner sends his 
documents into the office when all the corrections are made on the 
fair plan, and all the fresh values in altitude obtained from the 
examiner’s leveling inserted. 

6th. “The hill sketching is carried on in a much more rapid 

Hil Sketching. manner by two men, one with an instrument and 

the other with a light leveling staff. The latter 
has the plan with all the instrumental Contours shown on it, and 
he is placed by the assistant on the intermediate 25 feet Contour 
lines, the outline of which he sketches in on his plan until the 
whole is completed,—this work is not kept in Field-books. 

‘“‘ The instrumental Contours hitherto run have been the 25 feet 
—50—100—150—200—250 — 800 —350—400—500—600—800 
—1000—1200—1400—&c., &ec., 

“Whilst the Contours interpolated have been the 75 feet—125 
—175—225—275—825—375 —425—450—475—525—550—575 
—625—650—675 — 700 —725—750—775—825—850—875—900 
—925—950—975—1025—1050—&c., &e.”” 

In further elucidation of this subjecf, see the article in the 
Aide Mémoire, vol. 1, page 227. 
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Troe Recess, on Orrice Durmes or A Revenve Svrvey,— 
PREPARATION AND CoMPLETION OF Maps anp ArgEas, Repvuc- 
TION OF Mars, &c. 


Havine described in the previous Chapters the several operations 
in the field, and the extent to which the results are there perfected, 
it is now necessary to particularize the equally important and 
laborious duties connected with the office, as pursued in the recess 
months, which, forming a considerable portion of the work to be 
accomplished within the year, requires no little tact and method to 
ensure its completion ere a fresh season demands the attention of 
the Surveyor. 

The recess in Bengal, already alluded to at page 289, comprises 
the months from Ist of June to the middle of November, the rains 
generally driving the survey parties into the station or cantonments 
about the former dates, whilst the state of the country prevents an 
earlier assumption of field duties than the latter named period, or 
even the Ist of December. In the North-Western Provinces, little 
can be done in the field in May, whilst the recess terminates as 
early as the 15th October, by which time the country and climate 
is very favorable for active operations. During these months, the 
Surveyors and,their establishments are employed in putting the 
field-work into a complete and tangible form, and preparing theseve- 
ral records and documents called for by Government, it being both 
expected and exacted, that the whole of the maps and calculations 
of one season be duly lodged and furnished to the respective 
authorities, prior to the commencement of another season’s work. 
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The office duties of a Revenue Survey may be divided into the 
following heads, and in this order we propose alluding to them : 


1. Computing. 11. Comparing and 
2. Checking. Examining. 
3. Plotting 
4. Compiling 12. Filling in Village 
5. Drawing Plan Registers. 
6. Reducing 13. Formation of Per- 
7. Copying Maps. gunnah Volumes, 
8. Colouring and Hill with Alphabetwal 
shading 
9. Printing sags a 
10. Finishing 14. Division of labor. 


In Chapter X., page 283, we have detailed the mode of calcula- 
tion pursued, by the system of co-ordinates obtained. 
froin the sine and co-sine of the angle, which the 
side makes with the meridian of every line surveyed, and shown 
that there are certain proof columns of the Traverse Table, to which 
every circuit must be rigorously subjected at the tume of survey ; 80 
much of the Travese Table (columns 1 to 9, page 281,) being com- 
plete, the field-work is deemed satisfactory, and the remainder may 
with safety be left to any subsequent period. The plotting columns 
10 and 11, or differences of latitude and departure, are then worked 
down for the purpose of laying down ‘the survey on paper, and it 
has been shown, that where the N., S., E. and W. columns are 
proved, the protraction of the survey is certain and beyond all 
doubt, by means of columns 10 and 11 which likewise prove them- 
selves by coming out 0—0 or by the last differences of latitude and 
departure, coinciding with the same items in columns 6 and & 
The three last columns 12 to 14 are entirely for the area, according 
to the rules previously laid down ; but for these there is no check 
and the products obtained from factors of five ‘places of figures 
incorrectly calculated, would vitiate the area of the figure. 

Accurate areas forming one of the chief objects of a Revenue 
Survey, every precaution is necessary to ensure this object, and to 
record*them in such a clear and distinct manner that they may 
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always be made available for easy reference, by the authorities of a 
District. The products, therefore, after being carefully worked by 
one assistant, require to be checked by another person, either by 
an independent similar calculation by common multiplication, or by 
means of a Set of Tables lately published,* the object of which, as 
stated in the preface, is “ to simplify this calculation and to effect 
by a short addition, what is now obtained by a long and tedious 
multiplication, as exemplified in the mode of finding areas by the 
Universal Theorem.” When it is remembered that for every line 
measured, however short it may be, a product has to be worked in 
one village for that line, and also ome in the adjoining village for 
the same line, it may be easily understood that where in a season’s 
work of some 1,500 to 2,000 villages, 30 or 40,000 separate calou- 
lations have to be made to obtain the area, errors will occasionally 
creep in, notwithstanding every care. 

The products having been worked and compesred, it remains to 
place them in the Table in their respectivs ‘columns, positive or 
negative, according to the rules laid down in Part m., Chapter IX. 
In this step there is also a chance of error, and it is obvious that 
any product misplaced vitiates the total area by a sum equal to 
double that quantity. 

The correct areas of all the right lined figures, or within station 
ines, having thus been computed, the offsets, or quantities subtended. 
by the sinuosities or irregularities of the boundaries within and with- 
out these station lines, remain for consideration. These may be 
calculated as directed in Chapter V., and the results of each side of 
& circuit common to two villages, or as it is called between each tri- 
boundary duly recorded on the rough office map, additive for one 
village, and subtractive for the other, each tri-boundary being com- 
pleted, the balance area of offsets for the entire village circuit is at 
once obtained, and being applied to the Traverse area, according to 
its proper sign, plus or minus, leaves the true contents of the village. 
The advantage of noting these computations for offsets on the rough 
map, or chudder as shown in plate VI., page 318, is, that the eye is 
able immediately to detect any error in the sign of the quantity, 

© Multiplication Tables from one link to one hundred Chains, compiled for the use of 


the Revenue Surveys in India By Capt. R. Smyth, Revenue Surveyor, Caleta, 1848. 
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for instance, on the tri-boundary J to B of Mahmoodpoor, it is evi- 
dent that the 14 acres must be minus for that village. It also 
greatly facilitates future reference, and enables the Surveyor to apply 
the proper quantity for a line common to any two villages without 
additional trouble. 

The computation of all small parcels of land, as interlaced portions 
of estates and villages, varying from one to 20 acres, as well as of the 
several details within the village, is always performed on the paper 
by scale and compass, or by the Talc-Square, and is sufficiently 
accurate for the purpose required. 

The main circuit Tables being complete, the values of the co-or- 

dinate distances of each tri-boundary are extracted, and separately 
recorded, for the more ready protraction of the extreme points of a 
pergunnah or main circuit; the length of any side being compared 
with the same data taken from the computation of the adjoining 
“Traverse, the ah aR (if any) must be corrected by proportion, 
and in this way thaechief tri-boundary points of all the sternal 
circuits of a survey, and the same for the ezternal circuits are duly 
prepared, as a guide for the compiler of the district or general map, 
and by means of which co-ordinate Tables, the value of the protrac- 
tions is greatly enhanced. 

These co-ordinates, as well as for all remarkable places and con- 
spicuous objects, arealso calculated from one original station or point 
of departure for the entire survey, to which they are referrible, with 
the numerical data of any of the grand trigonometrical stations 
which may exist in the part of the country under survey. It is 
usual to record this information in a Tabular statement on the 
pergunnah maps, as shown in plate X., and likewise to prepare a 
general Table .of the mathematical results of all the main 
circuit computations, detailing the ratio of error actually 
met in the angular and linear measurements, the difference 
between the deduced and observed azimuth, as well as the per 
centage of error between the areas. 

After the area of the figure is thus recorded, by taking half the 
difference between the sums of the North and 
South products, another test is applied, by resort- 
ing te the Triangulation of the plot, either by reducing the Poly- 
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gonal figure into one triangle, as shown in problem 34, page 78, 
which is an excellent mode, and the one generally adopted, or by 
dividing the figure into trapezia and triangles, and so finding the 
area of the whole, by scale and compass. The area by Triangula- 
tion should be noted on the Traverse Register Form, so that the 
difference between the two results may be seen at one view; the dis- 
crepancy will seldom exceed half per cent., and should it be more 
than one per cent., the product columns must be carefully revised. 

Another very expeditious mode of checking these village areas, 
is by means of the Talc Square, as described in page 252, the 
Squares being divided off into 4 acres instead of one acre each. 
With a little practice and care in balancing the irregular boundaries, 
the area of any figure of 500 or 600 acres will thus be obtained 
with great nicety, and correspond with the Traverse area within 
half per cent. 

Both the village and the main circuit Travgyges are worked out 
in this way, and the latter comprising 200 villages perhaps, or up- 
wards, the aggregate area of the whole should coincide within one 
per cent of the summation of the several contained circuits, between 
station lines, and this forms another admirable check, and tends to 
place the superficial area of the district on the most accurate possible 
footing. 

Although there is much work to be plotted in the recess, still 
some portion of it is done during the field scason, 
as mentioned in Chapter XIII., page 321. The 
first protraction of the village circuits on the scale of 4 inches to the 
mile, should be made as soon after the survey is completed as pos- 
sible, and a good Surveyor, who has his subordinates well in hand, 
will always have his rough office sheets or chuddcrs well brought 
up, before retiring for the recess. The first thing to be looked to 
is the entire completion of the chudder map. As soon as the circuit 
station lines are protracted, according to the method laid down in 
Chapter VIII., page 270, the boundary offsets have to be applied 
either from the Field-books, and regularly plotted from the chain 
distances, or transferred from the rough field maps of the detail 
Surveyors, (commonly called péta ndps,) as described at pages 321 
to 824. Each Pergunnah or main circuit probably comprises 10 or 
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12 of these chudders or sheets, covered with a certain number 
of circuits, and the paper being carefully ruled into squares of 80 
chains each, the labor of protraction is greatly diminished in com- 
parison with having to lay down each village on its own separate 
register sheet; the village boundaries are inserted with a clear well- 
defined line. 

So much of the plotting refers only to the Village plans; in addi- 
tian to which Pergunnah plans are required, on a scale of one sch 
to the mle, in the preparation of which the utmost care is required 
in laying off the co-ordinates for each triple boundary, in the first 
instance on a sheet of drawing paper, duly prepared with squares 
over its entire surface, or co-ordinate lines of 5 inches each, for 
facility of scale and to obviate the necessity of extending the com- 
passes beyond that length. These lines representing the meridians 
and perpendiculars of the map, the distances from the main circuit 
traverses are laid off parallel thereto, and with two pairs of common 
compasses and a diagonal scale, the circuit may be protracted with 
great rapidity,—one pair of compasses being kept for distances on 
the meridian, the other for distances on the perpendicular. By 
reducing the circuit station lines to a few, for the first closing, and 
thus fixing the salient points fn the first instance, the chance of 
error is greatly diminished, and the intermediate stations may be 
more teuly placed than by any other method, as so truly remarked 
by Hytton. 

In protracting main circuits on the scale of one inch to the mile, 
squares of 5 inches are most convenient, because one inch being 
equal to 80 chains, each square will represent 400 chains ; if a dia- 
gonal scale is made on the paper by taking 5 inches from a 
Guntey’s scale, or other standard measure, and dividing it off into 
4 cqual parts, and the left hand division again into 10 equal parts, 
each larger division will equal 100 chains and each smaller one 10 
chains, on the scale of one inch to 80 chains or one mile. With 
such @ scale it is only necessary, in the plotting columns of the 
main circuit traverse, to remove the decimal points one place to the 
left hand and take the distanee required off this scale, reckoning 
each larger division as so many tens of chains, and each smaller 
one, as units, thus— 
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Given the co-ordinate distances to be plotted N. 224-80, E. 
358°60, remove the decimal point one place to the left hand, and 
take off the scale N. 22°48, and E. 35°86, which in value will be 
equal to the former. 

When the plot extends beyond the first or second set of squares 
40 or 80 must be deducted from the quantity to be plotted and the 
balance laid off from the second or third meridian, as the case may 
be. Thus to protract 8S. 864:50, and W. 982-40, removing the de- 
cimal point will give S. 86°45 and W. 98-24, and deducting 80 from 
each, there will remain 8. 5°45, W. 18°24 to be laid off from the 
Srd meridian and perpendicular South and West of the first station 
in the series. It will thus be seen that correctness of the relative 
situation of all the station points is entirely dependent on that of 
the squares, the greatest care must therefore be taken in drawing 
them. The best instrument for the purpose is a good wooden beam 
compass, and the squares should be tested by measuring and com- 
paring the diagonals in every way until they are perfect, on attain- 
ing which they should be inked in at once, and never crased from 
the plan, and it is a standing departmental rule, that no pergunnah 
or general map be received in the Surveyor General’s Office, with- 
out these co-ordinate lines are distinctly defined. 

The basis of the map being thus firmly established, the most con- 
venient and prominent intermediate stations are easily perceivable 
from the 4-inch chudder map. These are then protracted from the 
traverse data, together with all tri-boundary intersections of adjoin- 
ing pergunnahs on the l-inch map commencing at the first station 
of the Survey, and will form ample data, for the purpose of filling 
in the intervals of the exterior boundary of the pergunnah, which 
can be performed by pentagraph, reducing the same from the 
larger scale map. Too many survey stations plotted on so small a 
scale, éspecially if the lines happen to be short, only tend to con- 
fuse the map, and prove an impediment to that clear definition of 
the boundary, which is the chief point to be attended to. 

The pergunnah map on the 1-inch, and the village map on the 
4 inch scale, form the only returns required of Surveyors, with the 
exception of an index sketch or outline of the several circuits sur- 
veyed during the season, which is given on a scale of 4 miles to the 
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inch. This is intended as a mere guide to the compiler and expla- 
natory of the annual report. The protraction of the several tri- 
boundary points is easily performed on this scale from the co-ordi- 
nate Tables, and the remainder of the sketch is filled in by the 
pentagraph. This sketch has no pretensions to accuracy as a per- 
manent record, and is superceded immediately the General Map is 
compiled in the Surveyor General’s Office. 

The Great Trigonometrical Survey's principal points are simi- 
larly laid off by differences of latitude and departures, as well as 
all other conspicuous objects, the co-ordinate distances of which 
have been calculated, and form so many fixed points on which to 
check the compilation of the materials into the General Atlas. 

The whole of the ground-work or basis of the maps having 

been thus completed, from the materials fur- 
base and nished by the angular measurements of the boun- 

dary Surveyors, the interior topographical items 
remain to be compiled into the General Map of the Pergunnah. 
This division of the work we have already shown at page 322, and 
is invariably plotted in the field on the drawing boards as the 
details of each village are surveyed. In incorporating them into 
the chudder map, either by pricking or tracing off, the accuracy of 
the work may be checked by comparing the several points of 
intersection of rivers, roads, village sites, &c., with the boundary, 
as produced by°the Zieodohte survey and the same items as 
brought in by the interior assistant or prismatic compass survey. 
All objects of geographical interest, are of course observed and 
noted, when within reach of the boundary Surveyor, although not 
given out on the board with the station lines, and this acts as a 
check on the other party. Where doubt exists or discrepancies 
are apparent, it is usual to replot the interior work from the 
bearings and distances recorded on the péta ndp. The whole of 
this work is neatly inked in on the chudder, which is then ready 
for transfer to the village register sheets, or reduction for the 
pergunnah map on one-fourth the scale, viz., one inch to the mile. 
On the completeness of the original office large chudder, depends 
the value and _ accuracy of the pergunnah map, and consequently 


of the general district compilation. Great care is therefore to be 
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observed, in seeing that all remarkable and conspicuous objects are 
clearly defined, and the larger or more populous town and villages 
distinguished by the style of printing specially laid down for that 
purpose. It should be the duty of the superintending officer to 
examine the chudder most closely, and see if all the bazaars, 
ghats, ferries, factories, thannahs, police stations, temples, &c., 
&c., which may exist in the pergunnah are entered, and regarding 
which he ought to have copious notes in his own Diary, made 
whilst traversing the country, and without which he can never 
properly correct his assistant’s maps. {ff every item is thus 
clearly inserted in the original protraction, it will save an infinity 
of trouble and time when omissions are detected, and a reference 
to various Field-books become necessary. The names of all the 
village circuits are written in very legibly across the circuit, 
together with all the other places, rivers, nullahs, and names of 
adjoining villages. The tri-boundarics are also marked with a 
diverging line. The number of the traverse calculation, as like- 
wise the ¢hdAbust number, should be recorded, the former above 
the village name, the latter below it, for facility of reference. 

The survey stations of the main or exterior circuit of the per- 
gunnab are printed in Roman capitals, to distinguish them from the 
interior circuit or village stations which should be in small italics. 

All these several items should be drawn as neat, exact, and 
correspondent to their actual figure and dimen&ions as possible, 
and they should be represented in such a manner as to imitate the 
natural form and appearance of things, so that on a slight view 
of the character, its signification may be known from its being 
expressed similar to the like signs in common life. 

The original rough or office map being thus prepared, materially 
assists in the completion of the records of a survey. The drawing 
of the village maps on the register sheets is then casily effected, 
the work, being mere copying, can be entrusted to the native 
assistants, as alluded to under the head of copying. 

The several sheets or sections of the chudder, comprising a 
Pergunnah, are now to be compiled and reduced into the Per- 
gunnah map, the several points and tri-boundaries having been 
duly fixed by protraction, each section of the 4-inch map, is 
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applied, commencing at one side or end of the 1l-inch Pergun- 
nah map, and the whole of the materials taken off, by any of 
the usual modes of reductions, subsequently explained. As soon 
us the whole content of the Pergunnah is reduced, the boundaries 
of the village should ‘be inked in first, with a moderately thick 
but clear line, taking care to use the Indian ink fresh rubbed 
down, otherwise in the colouring it willrun. The rivers, nullahs, 
roads, village sites, &c., may then be inked in with fine strokes, 
keeping in view the style, and degree of excellence required, in 
the appearance of the map when finished. 

The usual and most convenient mode of reducing, or enlarging 

plans from one scale to another, is by the Pen- 
Reducing tagraph, as described at page 208, and all 
Revenue Surveyors being provided with this use- 

ful instrument, this mode is adopted in preference to that by 
squares or by proportional compasses, which latter are only suited 
to work of a very limited extent As remarked by Adams, in the 
Geometrical Essays, “there is no method so casy, so expeditious, 
nor even so accurate as the Pentagraph; it is an instrument as 
useful to the experienced draftsman, as to those who have made 
but little progress in the art. It saves a great deal of time either 
in reducing, enlarging, or copying of the same size, giving the 
outlines of any drawing, however crooked or complex, with the 
utmost exactness, nor is it confined to any particular kind, but 
may, with equal facility, be used for copying figures, plans, sca- 
charts, maps, profiles, landscapes, &c.” If the pergunnah map 
be so large that it cannot be brought within one setting of the 
instrument, three or more points, common to the separate sheets 
of the original plan, must be marked, and made to correspond 
with the same on the copy. These points serve to fix the Pen- 
tagraph towards the interior of the map. The fulcrum and copy 
may then be removed into such situations as to admit the reducing 
of the remaining part of the original ; first observing that when 
the tracing point is applied to the three points marked on the 
original, the pencil falls on the three corresponding points upon 
the copy, and thus, by repeated shiftings, a Pentagraph may be 
made to copy an original of ever so large dimensions. 
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To reduce or enlarge any figure or plan from one scale to 
another mechanically by means of squares, it is only necessary to 
divide the original plan by cross-lines into as many squares as 
may be thought necessary, and then dividing the paper on which 
the copy is to be made into an equal npmber of squares, either 
greater or less as the case may be. Draw by the hand, or with 
the help of proportional compasses, in every square, what is con- 
tained in the corresponding square of the given figure, and by 
these means a very exact copy may be obtained. 

Tt is absolutely necessary to show on the 1l-inch maps all the 
village boundaries. The amount of work to be reduced therefore 
becomes very extensive, the inflections of the boundaries being so 
extremely tortuous and intricate, and without the Pentagraph the 
work, on a Revenue Survey, could not well be completed within 
the time allowed. There are other modes of reducing and enlarg- 
ing plans laid down in Adams’ Essays and other works, which we 
need not enlarge upon here, but refer the reader to that work, if 
further information is required. 

The process of enlarging drawings is a similar operation to 
reducing; the points being determined in the smaller squares 
of the original and transferred to the larger squares of the copy, or 
by removing the tracing point and pencil of the Pentagraph as 
before directed—but the process of enlarging, under any circum- 
stances, does not admit of the same accuracy as that of reducing, and 
while the Pentagraph affords the most ample means of reducing a 
plan, it cannot be recommended for enlarging a copy, or even 
copying on the samé ecale. In the Survey of a Town, Civil Station, 
or cantonment, which is always required on an enlarged scale, the 
work must be specially plotted for that scale, and never transferred 
from a smaller one. 

To produce a copy of the same size as the briginal. Lay the origi- 

: nal drawing upon the sheet of paper intended for 
raene the copy, and fix theni together by means of 
weights, or drawing pins,* and with a fine needle} prick through 


© The drawing pin consists of a brass head with a steel point at nght angles to its 
plane. ° 
+ The pricking point is described at page 183, 
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all. the angles and principal points, so as to make corresponding 
punctures in the paper beneath. Draw upon the copy-such of the 
lines on the original, as are all straight or nearly so, by j joining the 
points thus marked upon the paper. Sett off such other curved 
lines by means of compasses where necessary, or draw the curves 
on tracing paper, and transfer them to the copy by means of 
rubbing the back of the tracing paper with powdered lead, or by 
rubbing a soft pencil over the lines, then placing it in its correct 
situation upon the copy, and passing a blunt tracing point over 
the lines drawn upon it. By means of tracing paper and-black 
leads, and the tracing point, an entire plan may easily bg trans- 
ferred—but the usual method is with a tracing glass which will be 
found in all Surveyors’ Offices. The glass fixed in the wooden 
frame to elevate or depress at pleasure, is placed in such a position, 
before a window, as to have a strong light falling upon it from 
behind and shining through it. Ifthe other doors or windows in 
the room are closed, and a curtain hung from the top of the window 
to rest on the top of the glass, the original drawing becomeg dis- 
tinctly visible through thick drawing paper placed over it, and 
pinned at the four corners. A copy may thus be made with 
precision and ease, without any risk of soiling or injuring the 
original. . 

The practice on the Revenue Surveys is, when the originaler- 
gunnah map is complete, to trace off the duplicate copy intended 
for the Local Civil Authorities through the glass, omitting merely 
the station lines of the Survey, which are not required except fox,pro- 
fessional purposes. For the village map it is necessary to transfer 
the plan, from a large sheet containing many village circuits, to a 
single lithographed form, with a statistical register and area state- 
ment heading as shown in plate XI. The first copy therefore is 
generally pricked off for the convenience of handling the maps, and 
when this is complete in every respect, the second or Collector's 
copy is traced off, on a similar lithographed register sheet. The 
contents of the chuddur map are thus taken off piecemeal, village 
by village, until every circuit is transferred to its Register sheet, 
on the back of which the traverse proof and area calculation is duly 
inserted, as shown in the annexed specimen plate which is an exact 
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and complete copy of the survey of a village in the North- 
Western Provinces, and represents precisely the mode of making 
up and perfecting these records on this side of India, This copying 
is generally performed by the native assistants, each sheet being 
very carefully compared and examined with the original by the 
assistant who affixes his initials to it. 

The skeleton map having been thus completed, and the outlines 
of all the topographical details carefully drawn on 
ink, the next step is the coloring, which may be 
commenced by laying a broad wash of a light shade of any color 
along {tbe external edge of the pergunnah, washing off the color 
gradually towards the interior. This shade can be deepened to the 
fancy of the Surveyor by continued coats until the required depth 
is obtained. Then proceed to color the village sites, rivers, roads 
and every other item according to the departmental practice as 
laid down in a list of references (plate XII.) given elsewhere, and 
to which it is essential, for the sake of uniformity, strictly to adhere. 
In laying on the color for rivers and other items, the coats should 
be, in the first instance, very light, and repeated gradually until 
of sufficient strength, for by these means softness and roundiess 
is attained, whilst a thick heavy shade laid on all at once, never can 
produce a proper tone, and looks extremely bad. For water, Prus- 
sian Blue is invariably to be used instead of Indigo, as being of a 
brighter and clearer color. ¥or very highly finished maps Cobalt 
is very effective, but being an expensive color is seldom used. 
High roads, metalled, are represented with a strong streak of 
Crimson Lake, (or Carmine, which is better) in contra-distinction to 
village roads and footpaths in Burnt Sienna. The exterior edge or 
limits of the pergunnah or other subdivision is then defined by a 
dark narrow streak, which throws out the feature into good relief, 
but care should be observed in not making this color too darh, and 
thereby confusing the actual line of boundary, and rendering copy- 
ing or transfer difficult. When several pergunnahs are on one 
plan, the different shades of color should contrast well with each 
other, so that each division may be distinctly visible to the eye. 
Plate X. represents the style of coloring for a pergunnah map, 
and Plate XI. for a village map. Beginners should first be taught 
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to lay on flat shades of color, and to be cautious in not overstepping 
the edges of the part or item to be covered, and then to wash off 
a sloping shade and to apply the brush with just as much color in 
it, as may be wet enough, not to be absorbed on the paper before the 
water brush can be applied for softening down, and so prevent 
what is usually termed a cut shade, and which is a great eyesore 
on any drawing. In executing this description of work, two 
brushes on the same stick are employed, the color brush on one end, 
the water brush on the other.* 

“Of the methods of expressing upon paper, the various objects 
which the face of a country presents, and {hat are 
required to be delineated by the topographical 
draftsman, the drawing of hills demands the most serious attention ; 
it is by far the mogt difficult art in plan drawing. Objects having 
elevation can gnly-be expressed upon a flat surface, by means of 
shade or by being thrown into reef, the appearance of which can 
only be given in a ground plan, to bodies whose forms present 
either slopes or curves. A hill representing slopes can be faith- 
fully expressed on a ground plan, so as to convey an idea of eleva- 


Hill shading 


* Norz.—In using cake colors, you must dilute them with soft water, observing to 
mix them intimately together, till the desired tant of color has been obtamed, then 
with a brush in proportion to the size of the space you are going to color, apply the 
wash steadily and quickly but do not suffer the proper hmits to be passed, nor a 
greater quantity of color to be used than will evenly cover the space, as, when too 
much 1s used, 1t 1s liable to settle 1n particular places, and, by making deeper tints in 
one place than another, the work will appear clouded. You should also observe not to 
allow any two limits of the same color to touch each other, and endeavour to dis- 
tribute your colors so as to produce a pleasing effect on the whole, but that taste 
which quickly perceives excellencies or defects, 80 as to be soon delighted with the 
former and disgusted with the latter, must assist you m distimguishing and dis- 
crminating the most striking methods of giving this fimsh to your maps The water 
should be coloured last, with a very ight wash of verdigris, and xf 1t 1s not very ex- 
peditiously laid on, if will be clouded and offensive to the eye. The map should be 
damped with a clean, moist cloth, laid over it for a few minutes previously to colour- 
ing the water. And should you have occasion to color a printed map, the colors may 
be kept from sinking, by wetting the back of the print with a solution of four ounces 
of roach alum m a pint of spring water, allowing the paper to dry from the water, 
before the colors are laid on. This will not only prevent the colors from sinking, but 
give them an additional beauty and lustre, and preserve them from fading, and xf the 
paper 18 not good, wash it three or four times, suffering 1t to dry between every wash. 
The printing or lettermg the names of places, should be done when the colours on 
your map are perfectly dry.— Jameson's Treatwse on the Construction of Maps. 
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tion to all who are acquainted with the principles of plan drawing, 
but the chief difficulty lies in so expressing these features as to be 
enabled to ferm a judgment of their height when compared with 
each other, for it cannot be determined by the actual elevation of 
any single hill. 

“The theory, most generally adopted, supposes the light to fall 
vertically upon the hills in parallel rays. In the projection, the eye 
is supposed to be at an indefinite distance, and consequently the 
rays are all parallel, according to which, steep slopes receiving 
those rays at a more oblique angle than more gentle ones do, are 
therefore illuminated in a less degree than the latter, and must be 
shown on a plan by darker shade, while such portions of the ground 
as are horizontal and receive consequently the rays of light perpen- 
dicularly to their planes, being thus illuminated in the greatest 
degree are left without shade in a plan ; but as itis scarcely possible 
to fix a criterion for the depths of tint in shading to express ground, 
it is idle to suppose that, practically, the shading can ever be so 
exact, as to enable us to measure by it, the positive height of a 
hill. 
“The most rapid way of expressing hills upon paper is by shad- 
ing with Indian ink or neutral tint. For this, two camel hair 
brushes are used, one to lay on the tint, the other for softening it 
down. A dexterous hand will thus speedily dash in, the hills of a 
plan; a proficient with the brush or pen, will always contrive to 
throw a certain degree of spirit into his performance, whatever 
may be the nature of the ground he is representing, but this is the 
result of much practice, combined with a natural taste for 
drawing.””* 

“The hills should be sketched lightly but carefully on the fair 
plan, for much evidently depends upon this. It would be fruitless 
to employ so much time in the field if we did not follow it up to 
the last. A light tint of Indian ink is to be distributed freely 
along the tops and most elevated parts of those hills which are the 
origin of the underfeatures, and softened down into the ravines, 
with a brush and water, then upon the next series of levels, and so 
on until the last underfeature has been shaded. Whatever parts 


* Jackson’s Course of Military Surveying 
[PART Ill. 


477 


still want strength are again to be similarly shaded, beginning a 
little below the first tint, and thus until it is finished. If the 
ground or any part of it is irregular or rocky, a rougher shading 
must be disposed upon it, as to the judgment of the draftsman may 
seem to convey the best idea of such local circumstances. 

“There are two methods of describing hills, both in the field and 
in the drawing room. One called the vertical, and the other the 
horizontal style, which are, or rather should be, peculiar to the 
pencil or pen; for there is no absolute necessity for having 
recourse to any touches on an Indian ink plan, if the eeeeaee 
of surface are properly described by shade. 

‘In the first method the shade is formed by ee of the 
pencil or pen radiating from or converging into any curved part 
of a hill, according as it projects or re-enters :—they are supposed 
to describe the same course as water would do, if it could trickle in 
streams down the slopes, and are darker or lighter according to 
the steepness of the slope. 

“The other method has the shade formed by lines parallel, or 
nearly so, to the horizon. It is much more easy to apply, and 
more natural than the former, and has some claim to particular 
notice from its easy application in sketching, and the facility with 
which it may be demonstrated and acquired.”* The horizontal 
manner marks the contours of hills by waving lines, each line con- 
tinuing on the same level, while following every undulation of the 
ground. In practice, either or both of the styles may be used at 
the pleasure of the draftsman, or as may be best suited to the 
nature of the ground he wishes to portray. 

“The rays of light being supposed to fall vertically upon the 
ground, the degree of shade, used for expressing hills, depends on 
the greater or less gradations of their declivities, that is, the more 
the slope of a hill recedes from the horizontal, the darker must be 
the shade. Although “this principle may be considered as gene- 
rally the best, yet, in making a finished plan of any mountainous 
region, an artist should not be confined too rigorously in this 
respect, for a clever draftsman would then like to throw his 


* Treatise on Practical Surveymg and Topographical Plan Drawing , vide also 
article ‘ Field Sketching” m Aide Memonre, vol. n, p 523. 
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mountains in what is termed Aight and shade; which supposes the 
rays of light to come on the plan from the left upper corner; 
according to which supposition one side of a hill becomes brightly 
illuminated, while its reverse is cast into deep shadow. Attempts 
have been made to have the oblique light system generally 
adopted, but it is not suited to express tame ground. A kind of 
compromise, therefore, subsists; thus, we make the rays of light to 
fall vertically upon the hills, while all other objects, as rivers, 
houses, trees, &c., receive it obliquely. This may appear absurd, 
but, where all is conventional, the contradiction is not felt as an 
inconvenience; generally speaking, the object of giving shadow to 
houses, rivers, &c., is chiefly as a finish, and for effect.” * Almost 
universally the shades used by draftsmen are too dark; and in 
India especially, the subject does not receive the attention it 
demands, and we commend to the especial observance of Revenue 
Surveyors, the remarks from an able authority, the late Major H. 
D. Herbert, Deputy Surveyor-General, quoted in the foot-note.t 
The “ Caterpillars’? therein alluded to, are too common in the 


* Jackson’s Course of Military Surveying. 

¢ The difficulty which involves the representation of all the mequalities of the pro- 
posed portion of the earth’s surface, and consequontly the features of a mountamous 
country, has been variously got over. In the very old maps, a congregation of conven- 
tional signs, each intended to represent a mountain, was introduced and arranged 
so as to give some idea of the direction im which the mountain land was dis- 
posed Those who have secon maps executed on this principle, will acknowledge how 
very imperfect 1s the information it gives of the incqualities of the ground, e:ther as 
to arrangement and connection or elevation above the gencral plateau of the country. 
Rude as the method 1s, and destitute of precise meaning, I have known many who 
affected to prefer 1t to the modern method of deep notching, which they assert has the 
effect of rendering a map illegible, without bemg a whit more precise There 1s some 
ground, 1t must be confessed, for forming this opimon, at least 1f we confine ourselves 
to English maps, but those executed on the content do not deserve this censure. 
Arrowsmith’s map of India 1s a splendid example of this cheatery of the cye To 
form anything lke a correct idea of the surface of India from this map, thickly as it 18 
covered in parts with these “‘caterptllars,” as I have heard them called, 1s impossible 
Very often, 1t will be found, that what the peruser of the map supposes 1s a high 
ridge, 1s in reality a low one, and vce versa, while valleys are elevated into mdges and 
these again sunk to valleys A certain quantity of mk has been applied to the paper, 
but to what purpose save that of blackening it, 1t would puzzle Odipus himself to say. 
Nor are the maps of other publishers much better, and still more extraordinary I fear, 
that even to many manuscript maps executed m this country much of thi censure must 
attach. Gleanings in Science, volume 2nd, 1830, “On the different methods of shading 
mountawn land, by Delta.” 
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present day, and from the extensive employment of native drafts- 
men, the topographical drawings now produced answer most com- 
pletely to this description. This must be the case, as long as 
Officers in charge of surveys, delegate such duties to mere 
mechanical and ignorant copyists, who know no more of the 
principles which should guide them in the representation of ground 
than the brush, by the aid of which they annually destroy so much 
paper. The hilly features should invariably be put in, by the Sur- 
veyor himself after a careful study of the ground, and without this 
personal examination in the Field, it must be vain to attempt to 
give even an approximation to the truth. It isevident that a map, 
to be anything, ought to be precise; it is otherwise worse than 
useless. 
On the style and character of the Printing of a map depends its 
Printing. general appearance, as well as degree of usefulness, 
The most elaborate topographical drawing will be 
nothing, unless the names of the places, title, and other embellish- 
ments are recorded in a corresponding manner, with due regard to 
effect, combined with practical utility. Generally speaking, this is 
the most difficult part of a map to do well, and there are many per- 
sons who can color and draw in a superior manner, but who fail in 
printing ; for this ‘reason the attainments of each assistant on a 
Survey Establishment should be well ascertained in making arrange- 
ments for the distribution of the work, and the division of labor. 
The first principle to be observed in printing is, that each class of 
names should be represented by one uniform character. Thus, erect 
capitals are used. for capital places of the first order; italic or slop- 
ing’ capitals for places next in order, with 1,000 houses; erect 
small letters with capital prefixed, commonly called roman writing, 
for large villages, containing one thousand inhabitants and upwards, 
or about 250 houses, and other remarkable or conspicuous objects ; 
and small italic writing for common villages under 250 houses or 
one thousand inhabitants. 
The great mass of printing on the body of the drawing of a 
map, should invariably be parallel to the top and bottom edges of 
the paper, and it is usual to place the first letter of the name as 


close to the gite as it is possible to be. In addition to this it is 
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generally requisite to have curved lines of printing in certain 
situations, for the names of adjoining districts or pergunnahs, 
and when judiciously applied it materially adds to the beauty of the 
map. In the curved or contorted external boundary of the per- 
gunnahs or divisions represented in the map, the names of the 
adjoining divisions should be so disposed as to run as nearly 
parallel to the general outline as possible, and when several per- 
gunnahs or subdivisions are exhibited on the same plan, the name 
requires to be stretched across the space with the letters at equal 
intervals, to show the extent or connexion of the same. 

On winding rivers, roads, lakes, coasts, &c., the writing must 
be curved to correspond with the thing represented, and the gene- 
ral appearance of all the names and writing should invariably 
be to face the north end or top of the paper, so that it may be 
all legible at one view, by placing the map before you and not 
upside down, requiring the plan to be shifted, before it can be 
read. 

In very extensive Titles, it is al§o necessary sometimes to insert 
curved lines, to take off from the monotonous appearance of a 
number of straight lines,* but as a general rule we deprecate 
Jancy lweroglypiis and elaborately devised printing which may be 
difficult to read ; plainness and neatness, tendé to general utility, 
and is moreover a great saving of time, and in a large department 
where one uniform practice is so important, it is obviously pre- 
ferable to follow a style which the majority of draftsmen can 
most easily attain, and adapt to the work entrusted to them. 

For this reason the stone or Egyptian letter is employed for all 
names of Pergunnahs, whether on the body of the drawing’, as 
adjoining name, or in the ¢tle, this style of printing being ex- 
tremely easy to make, while it looks substantial and plain, and 
catches the eye. For the District names, whether adjoining, or 
title, the open or ornamental stone letters filled with a little color, 


* Curves may be best formed by one person holding a steel or other elastic ruler 
into the form desired, and placing it with its edge on the paper alongaide the crooked 
boundary The elastic ruler must be held in this position while another person rules 
or marks with a pencil along 1t. In this way curves of all shapes may be formed with 
the greatest ease, and possessing a grace and elegance which 1s scarcely attainable by 
any other means . 
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Indian ink or neutral tint a little larger than the Pergunnah 
character, are found sufficiently contrasting and distinguishable. 
These styles are shown in Plate XII. on the list of topographical 
items, or conventional signs, which now guide the department. 
A very extensive use of symbolic writing on a map may be con- 
fusing, but its partial application is not without its advantages in 
the way of significance. 

“The characters used for printing the names of places and 
things represented on maps, should bear such proportion as the 
relative importance of the objects bear to each other. The title 
should be proportionate to the size of the map, and the adjoining 
names, according to the distribution of the spaces to be filled up, 
so that the whole may present one uniform appearance. Every- 
thing ought to harmonize, for whatever intrudes itself too much 
on the attention, without some good reason for so doing, may be 
said to be out of place; nothing looks so bad as a great daub of a 
title, with ornamental letters and flourishes, on a small and un- 
pretending plan.”* Thus the word Pergunnah should not be so 
prominent as its distinguishing name, and the word District as 
the name of that district which is the point required to be seen; 
we have endeavoured tc exemplify these matters on the Pergunnah 
map of Limbae, Plate X., which is prepared in strict conformity 
with the standing departmental rules laid down for the guidance 
of all Surveyors. 

The titles, or headings for the village plans, are generally 
written in a neat round text, wde Plate XI. page 448. The 
immense number of these plans which require to be completed 
during the season, prevents a more laborious style of printing, 
and which indeed is not necessary for the description of record ; 
the adjoining names on these latter maps are also recorded in 
neat round handwriting, as shown on Plate XI. 

In summing up the several steps before adverted to, it is neces- 

sary to make a few remarks on Plan Drawing 
Finishing. generally, which may be divided into Topographical 
and Geographical plans. 


* “Hand Book for Plain and Ornamental Mapping, by Benjamin Wilme.” 
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A. Topographical plan should represent the detail, and contain 
all that is necessary towards acquiring a special knowledge of ¢ 
certain extent of ground, or of a small country or district, and 
especially if for military purposes, for which all plans are more 
or less intended; such a particular distinction of things and cir- 
cumstances cannot be attained in geographical maps, which 
include an extensive portion of the surface of the earth, whole 
countries and even sometimes the entire globe itself. Topogra- 
phical maps are made on a larger scale than geographical ones ; 
one inch to @ mile, although a small scale for such maps is a very 
proper and convenient one, and is the same on which the Ordnance 
Survey of England is published. It is also the best for the Per- 
gunnah maps of the revenue survey of India, and the smallest 
scale capable of showing congregated village boundaries in 
Bengal. St inches to one mile, is a large scale for the survey of 
a country, and is the one employed for the plans of the Ordnance 
Survey of Ireland. Tio mules to an inch is a very useful scale for 
general district maps to show the fiscal and judicial divisions, 
places of importance, factories, thannahs, &c., forming sheets of 
moderate size, and convenient for the local authorities to carry 
about with them, when on circuit duty. In the North-Western 
Provinces, this scale is sufficient to show village boundaries, the 
average area of these circuits being upwards of a square mile, or 
from 700 to 800 acres each, but in Bengal the villages are so small, 
averaging not above 300 to 350 acres each, that these boundaries 
cannot be inserted, on this scale. Four miles to an inch is the scale 
generally used for geographical maps, and is well suited for obtaining 
a general view of an entire country, and the relative situation of 
its parts. The sheets of the great Indian Atlas are preparcd on 
this scale as well as all the District compilations from the revenue 
survey Pergunnah maps. By means of maps and plans alone, cana 
complete practical intimacy with the various parts of a country, 
and of the face and nature of the ground that composes it, be 
obtained, and they should therefore afford an accurate view of 
every local object, and furnish a clear, lively raid imposing repre- 
sentation of the reality. 

The art of drawing maps and plans consists therefore in repre- 
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senting larger or smaller portions of the surface of the earth 
on paper, in such a manner that every delineation shall bear as 
strict a resemblance as possible to the natural object, and the entire 
skill required, is the attainment of a certain facility of manipulation 
in putting together the materials collected so as to form a map.* 

The following remarks from Jackson’s Surveying, may be quoted. 
with advantage : 

«A good plan conveys to the mind a more perfect image than 
can be obtained by looking at the ground itself. It enables us to 
examine and compare the great features of a country ; we trace on 
it the directions of lines and coasts, rivers, mountains, woods, 
forests, &c., distance is nothing, we see the country, twenty, fifty 
and a hundred. miles off, we can estimate the comparative heights 
of hills, without having to bear in mind, that the angle subtended 
by @ mountain varies with its distance from the eye, or that such 
an art as perspective exists, nay more, it may be asserted ,that 
a really good plan is fully equal, I had almost said, superior for 
Military purposes to the best model.” 

‘In plans there are three things to be desired; 1st, correctness, 
without which a plan is worse than useless ; 2nd, clearness, in order 
that every part may be understood; 8rdly, beauty of execution, 
which is generally found to accompany the second of these deside- 
rata. This last, however, being the only point upon which the 
majority of persons are capable, or rather fancy themselves so, of 
giving an opinion, naturally excites their chief attention. 

‘When examining a plan how rarely do we think of the labor 
with which it has been produced, the triangulation to obtain certain 
points as land marks, the arduous business of surveying every yard 
of road or stream, the ability and care necessary when sketching 
the forms of the ground, and the minute attention required for in- 
numerable minor details; how seldom do all, or any of these 


* “The object of every map may be stated to be a representation on a flat surface, 
of a portion of the earth, on which all the lines or distances shall as far as the differ- 
ence of the surface will permit, bear the same proportion to one another as those in 
nature do. Accuracy 1s of course essential to it, but the value of the accuracy 1s hke 
that of other things, comparative, and 1s always to be yudged of by the cost of its pro- 
duction. Perfect mathematical accuracy is as unattamable as 1t would be useless, 
but that degree of st which ts iskely to be practically usefd, vs fortunately within our 
reach,” —On the Principles of Geodesy, by Delta, Gleanmgs in Science, vol. 2. 
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considerations enter into our thoughts, when a plan is shown to us; 
and yet the merit, which attaches to the mere drawing, the lan- 
guage, as it may be termed, of the Surveyor, an accomplishment 
little more than mechanical, is trifling indeed, when compared with 
the degree of talent and labor employed in the formation of a good 
plan. Perhaps time may afford some criterion, whereby to judge of 
the comparative value of plan drawing and plan making. An expert 
draftsman will in the space of two or three days, produce a copy of 
a plan, the field labor and plotting of which may have employed a 
Surveyor for a whole year.” 

The “ practical hints,” in the foot-notes extracted from Simms’ 
Treatise on Drawing Instruments, will be found useful.* We have 
likewise added a receipt for restoring damaged drawing paper, 


* Practical Hints, &c., on the Management of Drawing Paper. 

The first thing to be done preparatory to the commencement of a drawing, is to 
stretch the paper evenly upon the smooth and flat surface of a drawing board. The 
edges of the paper should first be cut straight, and, as nearly as possible, at mght 
angles with each other, also the sheets should be so much larger than the intended 
drawing and its margin, so as to admit of bemg afterwards cut from the board, leaving 
the border by which 1t is attached thereto by glue or paste, as we shall next explain. 

The paper must first be thoroughly and equally damped with a sponge and clean 
water, on the opposite mde from that on which the drawing is to be made. When the 
paper absorbs the water, which may be seen by the wetted mde becoming dim, as ita 
surface 1s viewed slantwise against the light, 1t 1s to be laid on the drawing board with 
the wetted side downwards, and placed eo that its edges may be nearly parallel with those 
of the board, otherwise, m using a T square, an mconvenience may be experienced. 
This done, lay a straight flat ruler on the paper, with its edge parallel to, and about 
half an inch from, one of its edges. The ruler must now be held firm, while the said 
projecting half inch’ of paper is turned up along its edge, then, a piece of solid 
glue (common glue will answer the purpose,) having its edge partially dissolved by 
holding it in boiling water for a few seconds, must be passed once or twice along the 
turned edge of the paper, after which, this glued border must be again laid flat by 
sliding the rule over it, and, the ruler bemg pressed down upon it, the edge of the 
paper will adhere to the board. If sufficient glue has been applied, the ruler may be 
removed directly, and the edge finally rubbed down by an ivory book-kmfe, or any 
clean polished substance at hand, which will then firmly cement tho paper to the 
board. Another, but adjoining edge of the paper must, next, be acted upon in like 
manner, and then the remaining edges in succession; we say the adjoming odges, 
because we have occasionally obscrved that, when the opposite and parallel edges have 
been laid down first, without continuing the process progressively round the board, a 
greater degree of care is required to prevent indulations m the paper as it drics. 

Sometimes strong paste ig used instead of glue; but, as this takes a longer time to 
set, it is usual to wet the paper also on the upper surface to within an inch of the 
paste mark, care being taken not to rub or myure the surface in the process. The 
wetting of the paper, in either case, is for the purpose of expanding it; and the edges, 
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which in this country so soon becomes affected by the dampness of 
the atmosphere. Drawing paper should always be wrapped in 
flannel, and kept closed up in a tin case, and placed well off the 
ground, and may occasionally be put into an oven and well 
heated, with advantage. 

All copies of either maps, or computations, are duly compared 
being fixed to the board in its enlarged state, act as stretchers upon the paper, while it 
contracts in drying, which it should be allowed to do gradually. All creases or undu- 


lations by this means disappear from the surface, and forms a smooth plane to receive 
the drawing. 





Table of dimensions of drawing paper. sata sing 

Demy . 20 inches by153 inches 0 3 
Medium .. nt 22 », &wsi=y, oO 6 
Royal . 24 , 198 , OO 8 
Super Royal .. 27; » 19 » OO 8 
Imperial oe 30 , 2 4 O 12 
Elephant ag 6° , 8 , O 1 
Columbier ; 85 9» 282 4 1 0 
Atlaa. 34 » 22 » 1 O 
Double Blephant 40 » 2 » 21 8 
Antiquarian .. 63 » SL yy 4 0 
Emperor 68 » 4 4» 


Mounting paper and drawings, varnishing, Sc. 

In mounting paper upon canvas, the latter should be well stretched upon a smooth 
flat surface, bemmg damped for that purpose, and its edges glued down as was recom- 
mended in stretching drawing paper. Then, with a brush, spread strong paste upon 
the canvas, beating it in tall the grain of the canvas be all filled up; for this when dry, 
will prevent the canvas from shrinking when subsequently removed, and having cut 
the edges of the paper straight, paste one side of every sheet, and lay them upon the 
canvas, sheet by sheet, overlapping each other a small quantity. If the drawing paper 
is strong, 1t 1s best to let every sheet he five or six mmutes after the paste is put on it, 
for, as the paste soaks m, the paper will stretch, and may be better spread smooth upon 
the canvas; whereas, 1f 1t be laid on before the paste has moistened the paper, 1¢ will 
stretch afterwards and rise in blisters when laid upon the canvas. The paper should 
not be cut off from its extended pomtion till thoroughly dry, and the drying should 
not be hastened, but gradually take place in a dry room, if time permit; if not, the 
paper may be exposed to the sun, unless in the winter season, when the help of a fire 
is necessary, care being had that xt is not placed too near a scorching heat. 

In joming two sheets of paper together, by overlapping, it is necessary, in order to 
make a neat joint, to feather edge each sheet; thisis done by carefully cutting with a 
knife, half-way through the paper near the edges, and on the eides, which are to over- 
lap each other; then strip off a feather edged slip from each, which bemg done dex- 
terously, the edges will form a very neat and efficient joint when put together. 

The following method of mounting and varmebing drawings or prints was com- 
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with the original, by two persons who affix their 

Comparing = initials to the document as having done so, and are 
strictly responsible for the same. The two copies 

of the village plans, taken from the rough sheets, are first com- 
pared with the original and then with each other, and any dis- 
crepancy immediately corrected by an European Assistant and not 
left for future adjustment, perhaps to be forgotten. The boun- 
dary of each village is rigorously compared with the thakbust or 
demarcation sketch map, as soon after survey as possible, and it is 
necessary to record on every map that this step has been taken, 
and that the assimilation is sufficiently good to allow of its being 
passed. Incase a khusrah, or detailed measurement field by field, 
has been made, the map produced by this operation is also duly 
compared with the professional one, and the agreement of the 
two is another proof of the work, all discrepancies ensuring an 
immediate enquiry and reconcilement. In like manner all the 
traverse computations are compared, one assistant reading from 
the copy, and the other looking at the original. As soon as these 


municated some years ago by Mr Peacock, an artist of Dublin. Stretch a piece of 
hnen on a frame, to which give a coat of isinglass or common size Paste the back of 
the drawing, leave 1t to soak, and then lay 1t on the nen. When dry, give 1t at least 
four coats of well-made isinglass size, allowing it to dry between each coat. Take 
Canada balsam, diluted with the best oil of turpentine, and with a clean brush give it 
a full flowing coat. 

In selecting black lead pencils for use, it may be remarked that they ought not to be 
very soft, nor so hard that their traces cannot be easly erased by the India rubber. 
Great care should be taken, in the pencilling, that an accurate outline be drawn, the 
pencil marks should be distinct, yet not heavy, and the use of the rubber should be 
avoided as much as possible, for its frequent application ruffles the surface of the 
paper, and will destroy the good effect of shading or colouring, if any is afterwards to 
be apphed 


Receyt for restorng damaged drawing paper. 

Take a wash, composed of one drachm of Isinglass steeped in two ounces of water 
for 12 hours. Then simmer 1t for 15 or 20 minutes over a fire. When nearly ready 
add of common alum (fitcooree) in powder twenty grams, strain through linen for use, 
apply it when the paper is on the drawing board, and damp, and work 3t on, with a 
flat brush, when dry, wash the paper over with water, which will indicate whether a 
second wash of the above is necessary When the paper 1s thoroughly recovered, wash 
it well with plain water, and a flat brush, to take off any superfluous Isinglass, absorb- 
ing the superfinous water with a clean linen rag. When thus prepared, the colors can 
be thrown in, as safely as on good paper. 

Captain Henderson’s Essay, No. 4, on the Pictorial Art.—Caleutia Literary Gazette, 


July, 1834. 
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precautions have been taken, and the attesting initials of the 
assistants in charge of the division affixed, the document is ready 
for the examination of the Superintending Officer, who adds his 
signature as soon as he is perfectly satisfied of the accuracy and 
sufficiency of the work, and it is by the exercise of his general 
knowledge and careful eye, in the detection of errors and omissions, 
that the value of the results of the survey mainly depend. The 
amount of information embodied in the l-inch topographical 
maps from the larger scale requires careful scrutiny, everything 
should be put in, which the scale permits, and these maps forming 
the chief practical test of a Surveyor’s labors as applied to the 
widest extent of usefulness, no pains should be spared in their 
examination. 

The register sheets for the village plans are lithographed and 

supplied with a view of lessening the labors 
yah” of a Surveyor, the statistical and area columns 
are filled in, the former from the khusrah ver- 

nacular returns, and the latter from the professional computations 
as shown in Plate XI. The statistics and general remarks of 
the condition, and state of prosperity of each village are of great 
importance, and should be recorded by the Surveyor himself. The 
information thus given, forming the basis of the general statis- 
tical and agricultural report of the district. The references to 
the Settlement» Officer’s missil, or file of proceedings, enables that 
Officer to make up his own registers with facility. The duplicate 
copy of the professional plan register intended for the Civil 
Authorities is left blank at the back, the numerical data of the 
survey operations being only required for professional purposes in 
the Deputy Surveyor General’s Office. The back of this register 
being ruled, all the revenue information, as to mehals and pro- 
prietors, is inserted on it by the Settlement Officer from the ver- 
nacular records of his own proceedings. Every village in the 
entire district being thus prepared, the detail of information is as 
complete as can be desired. Page 488 represents the form of 
Register for Bengal, or settled Provinces, the Plan and Traverse 
computation being recorded precisely similar as shewn in Plate 
XI. 
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It remains to assort and arrange all the village plans and 
registers into moderate sized pergunnah volumes, 
gama Volunes for convenience of record. The Plans may be 
ae bound up either alphabetically, according to the 
English or Persian alphabet, or by means of the geographical 
position of the village. Every plan is duly numbered and placed 
in regular succession, and from 150 to 200 may be said to form a 
convenient volume. If a pergunnah is very large, it is of course 
divided into two or more books as may be necessary, and if very 
small, two or more pergunnahs are combined together. An 
alphabetical list of all the villages is prefixed to the volume, con- 
taining also columns for the number on the plan as well as the 
areas, which, summed up, show the correct area of the entire 
pergunnah. By a reference to this Index List, any plan is imme- 
diately found by its number; it is therefore immaterial how the 
plans are placed, as long as they are numbered properly in suc- 
cession, and that the index names of villages, critically accord 
with the same on the plan sheets. On opening the book, the plan 
should first be seen, and then the traverse on the reverse side. 
A list of topographical references to the coloring is invariably 
appended, and saves much labor which would accrue from record- 
ing such items-on every plan. A title page with the name of 
the pergunnah and a few blank sheets of paper are added, for the 
purpose of inserting any information afterwards, connected with 
the Survey operations of the pergunnah or district, or as to the 
geographical features of the country. On the Revenue Surveys 
these volumes in fact represent the Field-books, as well as the 
completed work, they should therefore be made to contain every 
possible information, and be complete in every respect, so as to 
supersede the demand for Field-books after a Survey is over. So 
much of the Field measurements being recorded on drawing 
boards and all plotted at the moment of Survey, the Field-books, 
according to the usual style of that document, are more or less 

partial and imperfect, and therefore not desirable records. 
It is next to impossible to lay down absolute and distinct rules 
Division of Labor, for the performance of detail duties. As before 
stated in Chapter XII., evory Surveyor may 
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have his own peculiar method of carrying out his work, and in 
such matters they will be the best judges of the nature of the 
work they have to perform, and of the best means of completing 
it; all that we advocate is system in all that is done, and whatever 
that method may be, after it has been once maturely considered 
and definitely determined on, it should not be departed from. Let 
a Surveyor apportion out to each assistant the particular duty for 
which he is most qualified, and insist on its being followed. As 
a general rule, each assistant is responsible for the division he has 
had charge of in the Field, and is expected to bring up the whole 
of the work connected with it, but it frequently happens that from 
local causes, one party may accomplish more Field work than 
they can get out of hand prior to the commencement of another 
season, whilst another party may not be so pressed for time in the 
recess, such additional aid and assistance therefore as can be 
spared, should be afforded where it is most needed. Each assistant 
has generally five Native Surveyors of various degrees of qualifi- 
cations under him. One may color well, another may print well, 
and so on. One man may be employed simply in pricking and 
tracing off, and pencilling in the village plans. These are made 
over to a second person to ink in, to a third to be colored, and 
to a fourth to have station points, letters and lines entered, and 
lastly on to a fifth to write and print adjoining names; such a 
party can complete from fifteen to twenty village maps daily. 

By this arrangement the Sub-Assistant is enabled to devote 
himself chiefly to the more important points in finishing the 
pergunnah maps and areas, and the Superintending Officer in 
exercising a general control over the whole work, taking care that 
it progresses through every step to his satisfaction, methodwally, 
cleanly, and. accurately; encouraging and helpmg in all difficulties, 
and by putting the finishing touches to the plans, render them 
worthy of his professional reputation. 

By the means we have here endeavoured to describe, a Surveyor 
may have the satisfaction of seeing his office cleared by the ter- 
mination of the recess, and find himself in a position to take the 
Field again with renewed vigor, unembarrassed by any arrears. 
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Tur Mernop oF DESCRIBING THE GRATICULE oF Mars. 


For the purpose of representing more accurately the globe 
which we inhabit, geographers have had recourse to spherical 
balls, on the surface of which are drawn the various divisions of 
the earth; but the relative divisions of the earth, and the positions 
of places, cannot be accurately laid down on these spheres, till 
certain circles have been described on its surface. These cir- 
cles are divided into great and small, and the manner in which 
they are formed may be described as follows. Imagine a sphere 
to be cut in any direction by a plane, the section will be a circle. 
It would be a great circle if the cutting plane passed through the 
centre of the sphere, and a small circle, if it (the cutting plane) 
passed, out of that centre. 

From the manner in which a great and small circle are gene- 
rated, it is evident that the former will bisect the sphere, while 
the latter will make an unequal division of it. 

The earth turns round once in 24 hours, on an imaginary axis, 

passing through its centre; the two extremities 

"= a and of this axis, are its poles, the one being called the 

North and the other the South Pole. This being 
apprehended, conceive now the terrestrial sphere to be cut by a 
certain number of planes perpendicular to the rotatory axis, the 
sections will obviously be parallel to each other; that passing 
through the centre of the sphere (a great circle) being called the 
equator, or the equinoctial line, while all the others (small circles) 
are styled the parallels of latitude, or simply parallels. 

Again, a point being assumed on the terrestrial globe, the cutting 
plane may be imagined to pass through it, and the axis of rotation, 
the section (a great circle) will be the meridian of that point, being 
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perpendicular to the equator, and to the parallels, and passing 
through the North and South Poles. 

The latitude and. longitude of a place may be defined in the fol- 
lowing manner. The meridian to the given place being drawn in 
the way above described, the section thereof intercepted between 
the equator and the given point is called the datitude, which will be 
North or South, according as the meridional section, which is its 
measure, extends towards the North or South Pole. The dongitude 
is reckoned upon the equator commencing from a point arbitrarily 
assumed as the origin, and continued as far as its intersection with 
the meridian of the given place. In English works on geography 
the meeting of the equator with the meridian of the Greenwich 
observatory, is taken as the origin of the longitudinal arc which is 
measured both ways, viz. to the East and West of that meridian. 

“‘ By way of illustrating the foregoing definition of latitude and 

_ Tiustention of La- Longitude let us suppose that PEP Q in adjoining 

tude diagram represents the earth, whose axis is PCP ; 

the North Pole P, and the 
South Pole FP ; and let LAQR 
represent a circle passing 
through the centre C, in a 
direction perpendicular to the 
axis PP’. This circle corres- 
ponds to the equator, and it 
divides the earth into two 
hemispheres ; EPQ being the 
Northern, and FP@Q the 
Southern hemisphere. 

“Let G, I, K, represent the 
situation of three places, on the surface of the earth, through which, 
let the great circles PKP’, PIP’, and PGP be drawn, intersecting 
the equator FQ, in n, m, a, respectively. 

‘These circles are the meridians of the places K J, G, and as 
every circle is supposed to be divided into 360° there must be 90° 
from the equator to each pole. Hence the latitude of the place K 
is measured by the degrees of the arc intercepted between K and 
nm; and the latitudes of G and J are measured by the degrees of 
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the arc intercepted between G and a, and J and m, respectively, 
These latitudes will be called North latitudes, because the places lie 
in the Northern hemisphere. 

“In like manner, let there be two places W and V in the 
Southern hemisphere. The latitude of W will be measured by the 
degrees of the arc intercepted between W and a, and the latitude 
of V, by the arc intercepted between V and m, and these will be 
called South latitudes. The distance between I and V is called 
the difference of latitude. 

“The longitude of a place is measured by the degrees of an arc 

Tlustraton of Of the equator, intercepted between some particular 
Longitude. meridian, and the meridian passing through the 
place. Thus suppose G to represent the particular meridian and m 
to represent the place whose longitude is required; the longitude 
of m is measured by the arc ma of the equator, intercepted between 
a and the point where the meridian of G meets the equator, and m 
the point of the equator where it is cut by the meridian of the place 
m. The particular meridian, from which we begin to reckon the 
degrees of longitude, is called the prime or first meridian, and it is 
different in different countries. 

“In the foregoing diagram if G represent the observatory of 
Greenwich, @ will be the point from which we begin to reckon the 
degrees of longitude ; and all places situated to the East of a, such 
as R, m, will have East longitude, while those situated to the West, 
as n, will have West longitude. Longitude is usually reckoned 
180° East and West of the prime or first meridian. For instance, 
taking @ as the prime meridian and reckoning in the direction 
R, m, Q, we should say, that every place was so many degrees East 
Longitude, while if we reckoned in the direction n, EZ, we should 
say, all the places had so many degrees West longitude.”* From 
@ consideration of what has been advanced it will be evident that 
all places situated upon the same meridian have the same Longitude, 
while all those situated upon the same parallel have the same 
Latitude, again as the parallels of latitude become smaller as they 
approach the poles, the arcs of these parallels intercepted between 
the same-two meridians, will also be smaller as we proceed from 


* Jamicson’s Treatise on Construction of Maps. 
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the equator to the poles, though in fact they consist of the same 
absolute number of degrees. Hence it will be easy to see, that a 
degree of longitude, must be smaller towards the poles, than at the 
equator ; and must become gradually smaller and smaller till we 
arrive at the poles, where it will vanish and be equal to nothing. 

We have hitherto supposed the earth to be a sphere, but its real 
figure is a spheroid, the minor axis of which being the axis of rota- 
tion. If therefore the several lines whereby latitudes and longi- 
tudes are measured, are described upon a spheroid, in the same 
manner, as has been done upon a sphere, it will be seen that while 
the equator and the parallels are circles, the meridians are ellipses, 
equal and similar to one another whose degrees vary in length in 
different latitudes. The following Tables exhibit the linear values 
of the degrees upon the meridian and the parallels from 8° to 36° 
North latitude, the extreme limits of our Indian possessions com- 
puted upon the spheroidal hypothesis. 


i] 
Table exhiInting the Lengths of the Mertdwnal || Table exhthtting the values of the Longitudsnal 
ee between the paratiels of 8° and 36° of Degrees between the vraratlels of 8° and 36° of 
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a 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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e 
8 9 
9 0 
0 1 
1 2 
2 8 
3 4 
4 5 
5 6 
6 7 
7 8 
8 9 
20 
21 
22 


to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
19 
20 
21 





It will not be consistent with the object of the present work to 
enter into the details on which a map of the world is to be formed, 
but it will suffice merely to lay down such rules as are absolutely 
essential for projecting a map of any portion of British India. We 
cannot, therefore, serve this purpose better than by giving the me- 
morandum of instructions for describing the graticule of maps 
comprising small portions of the globe, drawn up by the late Col. 
Blacker, for the use of the Surveyor General’s Office, which recom- 
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mends itself by its remarkable simplicity and accuracy within 
certain limits. It has long been in use and is very convenient for 
mapping, as the topographical details within any one section are 
easily copied and transferred into any other map differing in pro- 
jection, or in central meridian. The limits to which it is applicable, 
are confined to about 100 square degrees. The objections to the 
method are, that it is an empirical process, being based upon no 
known projection, and that the protraction it gives rise to, be it per- 
formed with as much care and skill as possible, has always a ten- 
dency to generate error because it is not laid off from one common 
origin, on the contrary, the spaces are built one on the other, 
whereby the error in any point is carried on through all the suc- 
ceeding ones. Where great accuracy is sought for, and the extent 
of the map is considerable, it becomes necessary to resort to the 
principles of conical development, and to protract by means of co- 
ordinates and a common origin. For this purpose some new Tables 
have been introduced by the present Surveyor-General of India, 
whereby, by means of rectangular co-ordinates from a common 
origin, the parallels and meridians may be projected to every 
degree, and to every 2° according to the scale; but these Tables 
are too extensive for insertion in this work. 
“The following method of delineating the 
mene *™* meridians and parallels of a map, although not 
solely referrible to any of the demonstrated pro- 
jections, evidently contains so much truth, as to be well adapted to 
topographical plans embracing a very small portion of the hemi- 
sphere. 

“By a mechanical operation, so simple as to require but little 
explanation, is produced a graticule, whose meridians are all equal, 
are equidistant at all the corresponding points, are intersected by 
the parallels at equal angles on the same side; and whose parallels 
consist of parts proportional to the cosines of their latitude. 

“These properties will be rendered more obvious by the detailed 
account of a construction adapted to an assumed case; such, for 
example, as the delineation of a graticule comprizing 4 degrees of 
latitude, between the parallels of 20° and 24°, and as many of lon- 
gitude, on a scale of 4 miles to an inch. 
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“Let there be imagined a quadrilateral 
CEFD, whose sides shall each be equal to a 
degree on the meridian, and whose bases shall 
be equal to half degrees of longitude at the 
latitudes in which they may be situate; the 
angles E and F’ being equal, as likewise C and 
D, it is obvious that the comprized area will 
represent a portion of the earth’s surface, one 
degree of latitude high, and half a degree of longitude broad; 
and that it may be transferred to any given line, either by deter- 
mining one angle of the equilateral or its diagonal ED. Let the 
latter quantity be preferred, since it will be always more correct 
to lay down a line, than to protract an angle; and suppose the 
diagonal to have been ascertained. 


1 D 





B 

“Let a straight line 4B for the central meridian divide the 
paper from top to bottom; and at the lower part thereof, lay off 
the distance 21—20° = CE. From the point 20° describo on 
each side of the central meridian, an arc with the radius CD— 
half a degree of longitude in latitude 20°. Describe similar arcs 
from the point 21° with the radius EF = half a degree longitude 
at latitude 21°. Intersect the two first from 21° with the diagonal 
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distance ED, and the two last from 20° with the same distance. 
These several intersections  ¢, will obviously be points correspon- 
dent to D, F, and may be joined accordingly to the other points. 

‘Tf a similar construction be repeated by applying the same 
quadrilateral to the new sides 6, a fresh set of points y¥ 8’, will be 
obtained, and will supply the means of continuing the operation 
still further. 

‘Two series of points 20° x’ and 21° 2, 8’, 8, will be thus gene- 
rated at the distance of a degree of latitude from each other. They 
may be connected in the direction 21° 8, &c. and 20° y, &c., by 
which means will be described two parallel lines of sensible curva- 
ture; and again joined in the directions y 4, y , ' 3', &c. which 
will form parts of different meridians half a degree asunder. As 
it is usual on a scale of 4 miles to an inch to draw parallels at 
every 30 minutes’ distance, the last mentioned meridional parts 
may be bisected, and the points of bisection connected for a new 
parallel. If similar constructions be extended to the right and left 
of the intervals 22°—21°, 23°—22°, 24°—28°, it is evident that the 
graticule will be complete, and have all the properties claimed for 
this method, as far as is consistent with graphical means. 

“The convergency of the meridians will, » gy Fr 
however, not be sensible near the central line 
of the paper; but perhaps there is no other so 
simple method of delineating them, even as 
right lines, and at the same time indicating all 
their intersections with the parallels of latitude. 

“It remains now to be seen, how the dia- 
gonal ED, which has been assumed as known, @ 
shall be obtained; and for this purpose let a 
line be imagined parallel to FD, from the 
point #. It will evidently be one side of an 
isosceles triangle whose base is — CD — EF, 
and whose remaining side is CE — FD. 

“ Denoting, therefore, the side CE by a, CD 
by 6, EF by d, and the diagonal ED by c, we 


have in the isosceles triangle, Cos C' = et and 
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in the oblique-angled triangle DCE ...... & = a@~-|- b,—2 ab 
Cos C = (by substituting the value of Cos C already found), a? +- 
p—2 ab HA 4 P+ de —d = (14 8), ond 
therefore C = V a (1%) =aV1+% 


Type of the Calculation 
a = 60532 Fathoms, 3 = 28604,5 Fathome, d= 28419,5 Fathoms. 
log 5 = 4,45643 log a= 4,78198 


log. d= 4,45362 
com. log. a == 5,21802 
idem = 6,21802 


log. 5 = 9,84609 
bd 
1+ = = 1,22187 
log. do == 0,08702 whose square root = 0,04351 
log. ¢ = 4,82549 = 66910 Fathoms 


“In like manner may the diagonals of the remaining quadri- 
laterals be determined ; and when reduced, with the other parts, to 
the scale of the map, will give at once, in inches, the sides a, 8, d, 
and diagonal ¢ for every latitude. 

“In the present supposition the ratio of the scale is sig; by 
which, therefore, dividing the foregoing quantities, we shall have 


@ = 17,20 inches 


b= 813 ,, 
@= 807 ,, 
e= 19,01 _ ,, 


“Tf so far has been thoroughly understood, there will be no 
difficulty in using the following Tables, which give the parts of 
every quadrilateral of one latitudinal degree high, and half a longi- 
tudinal degree broad, between the parallels of 8° and 36° 

“ But the scale of 4 miles to 1 inch is not the only ratio which 
may be required; and therefore other sets of Tables are added for 
the scale of 8 miles, and of its several multiples by 2, 3, 4 and 6 
to one inch. 

“As the scale decreases, however, it will be proper that the 
numbers of degrees contained in the sides and bases of the quad- 
rilateral should increase. The following law will therefore be 
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observed, which is calculated to maintain always a regular curva- 
ture, without marking by too sensible an angle, the junction of 
one quadrilateral with another. 


Scale of Ratio Degrees Degrees 


Nos. Miles to of ” " 
1 Inch. Scale. a. band d 
I & is. . 3 0°, 30°" 
253440 divide a by 2 
II 8 _ | 9° 1, 
506880 
1 
Im 16 tte 3° 1 
1013760 ' * divide a by 3 
1 ° 
a a 1620640 : I, 
1 
V 32 = 4° 2 
ae * divide a by 2 
VI 48 4° 9 





* Norse —The divisions here directed, have for object the reduction of the quadri- 
laterals to the areas proposed to be comprized in the graticule. Thus, 1n the Ist scale, 
there will be an intersection at every half degree, mm the 2nd, 3rd and 4th, at every 
degree, and in the 5th and 6th at every recond degree. 
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Table of Quadrilate: al parts for a Scale of 4 Miles to1 Inch. 
a=—l* @& = 0°-30' 



































N. B. 1 b= 0° 30', 
b a ec a@ 6 dé c 
in Ins. | mm Ins. | in Ins | Latitude. | in Ins, | nm Ins. | in Ins, |1n Ins. 
° ] 

8 56 8°54 | 1919 | secular eras 8 02 796 | 18 97 

8 54 8 51 a9 24 7 96 790 | 18°94 

8 51 8 49 ys 20 790 784 | 1892 

8 49 8 46 25 5, 26 7 84 777 | 1890 

8 46 8 42 26 ,, 27 777 771 | 1887 

8 42 839 | 1913 27 ,, 28 771 764 | 1884 

§ 89 835 | 1912 28 ,, 29 7 64 757 | 1881 

8 35 881 | 1910 29 ,, 7 57 749 | 1879 

8 31 827 | 1908 30 ,, 31 7 49 742 | 1876 

8 27 822 | 1907 31 ,, 32 7 42 73 | 1874 

§ 22 818 | 1905 82 ,, 38 7 34 | 726 | 1871 

8°18 813 | 1908 33 ,, 7 26 717 | 1868 

818 | 807 | 1901 34 ,, 35 717 | 709 | 1865 

8°07 802 | 1899 85 ,, 36 7°08 700 | 1862 

Table of Quadrilateral parts for a Scale of 8 Aisles tol Inch—N B a=2°.6=1° @=l1* 
Lettude, a b a@ | e Latitude , @ | 3 ad | e 
° a | o |! 

From 8 to10 | 17 18 8 56 851 ' 1919 |From221024 17 20 | 8 02 790 | 1895 
10 ,,12; 1718 8 51 845 1916 24 ,,26| 1721 790 777 | 1891 

12 ,,14| 1719 8 45 8389 1914 26,28! 1721 ,; 777 764 | 18°86 

4 ,,16; 1719 8 39 831 | 1911 » 80 «17 22 7 64 749 | 1880 
16,18} 1719 8 31 822 | 1908 $0 ,, 32 , 17 22 7 49 734 | 1875 

9 20] 1719 8 22 818 | 1904 $2 ,, 34) 17 23 7 34 717° 1869 

»22| 1720} 818 | 802! 1900 ,, 861 1793 | 717 | 7001 1868 





| 
398 | 389 
3 89 8 78 
3 78 8 67 
8 67 8 54 


Table of Quadrilateral parts for a Scale of 32 Miles tol Inch—N Ba=4° }=2° d= 929 
Latitude. | Latitude, a 
423 § 60 


28 ,,32 861 
52 ,, 56 | 8 61 


Lattude. | @ b e Latitude | a 


From 8 to 12 639 |From%to2s| 5741 268 
12 ,, 16 37 98,32] 574 | 255 
16 ,, 20 6 35 $2 ,,30| 574] 245 
20 ,, 24 6 32 





Although in the example which has been given a very small area has been em loyed «meth 
1s nevertheless susceptible of considerable extension At the same time it has its timite, bere o 
the meridians and parallels will lose their proper curvatures Perhaps 100 superficial degrees will be 
found to be the utmost extent to which it can be sed, without introducing any sensible distor- 
Goa, ane Oe sve ey hae of 10 into 10, 11 into 9, 12 into 8, 18 into 7, 
14 into 7, &c., whilst it signifies little which factors express the latitude or longitude. 
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THE CONNECTION BETWEEN THE GREAT TRIGONOMETRICAL AND 
REVENUE SurvEvys—RavTio OF ERROR—EXTENT OF COUNTRY 
For SURVEY, AND AVERAGE cost PER SquaRE Mue. 


No Revenue Survey can be considered complete and satisfactory 
unless the errors committed, and the degree of accuracy attained, 
are distinctly reported on. Without this is scrupulously observed, 
no confidence can be placed in its results, and as no work whatever, 
executed by human means, can be free from error, all that is 
reasonably expected is, that unavoidable errors should not exceed 
the lowest practicable limits. Every great National survey has a 
limit of error assigned, and all work exceeding this limit is 
rejected. 

In the large triangulation of the Great Trigonometrical-Survey 
of India, where of course the greatest refinement 
and most scrupulous care is observed, an error of 
one inch per mile or vs3s0 in part, amounts to 500 inches or 42 feet, 
or nearly half a second of latitude in 500 miles, which is the dis- 
tance between some of the bases. The work is reckoned liable to 
half this error when executed with the great theodolite, and equal 
to the degree of correctness indicated by an inch per mile, when 
performed by 18-inch instruments for the subordinate series of 
triangles ; with inferior instruments, or a less careful system, the 
accumulation of error would be a foot per mile, which is equal to a 
ratio of s1¥e in linear dimensions or sé.3 in area, or vu per cent. or 
6 seconds in the above distance. 

But men trained to this degree of exactness are out of their place 
in the detail measurements of the Revenue Survey ; the valuable 
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qualities of the Trigonometrical Surveyor, which he is obliged to 
maintain with such care, viz. delicacy of eye and touch, and 
rigorous modes of thinking, would be injurious in the details, and 
there would only be a loss of time in changing from one work to 
the other. They require in fact, people differently trained, with 
instruments of different calibre, and of different constitutions of 
mind. The Trigonometrical, from being freed from details, has 
been able to progress more rapidly, and the great object has been 
to get the large triangulation out of hand—without it nothing sys- 
tematic or really trustworthy can be done. Indeed the principal, 
and the detail work, never could have gone on pari passu, and if 
the latter is based on the triangulation, it cannot be liable to any 
great accumulation of error, and may be taken up and organized 
according to the scale required. 

The maximum error allowed, in lineal measurement on the 
Revenue Survey, according to the test it is submitted to by traverse 
proof, is 10 links in 100 chains equal to 5°28 feet per mile; but in 
the actual prosecution of the extensive surveys of the season 1847-8, 
covering an area of about 16,000 (sixteen thousand) square miles 
the average ratio of correction employed for the closing of the tra- 
verses, is found to be only 2 /ee¢ per mile, or rather more than one- 
third of the allowed correction; y, per cent. therefore for the per- 
guonak or main circuit measurement is fully within prac- 
ticability, y, per cent. also may be allowed for the area of the 
district, 4 per cent. for the village survey area, and one per cent. 
for the interior detail measurement of cultivation and waste. 

These are exclusively the errors of measurement. As the com- 
putation of the Revenue Survey is based upon the wrong assumption 
of the earth’s surface being a plane, certain discrepancies, no doubt, 
will arise from this circumstance ; but these are invariably very 
small in comparison with the errors of measurement, as will be evi- 
dent from the inspection of the following Table, wherein it will be 
perceived that a Pergunnah, of the average area of 100 square 
miles, will demand an additive correction of 2,969 sguare feet, on 
account of the sphericity of the earth, to give the absolute super- 
ficial surface or contents of the circuit ; the required correction is, 
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however, too small to make its omission of any consequence in a 
Revenue Survey operation. 


Computed | Correction | Computed | Correction | Computed 
plane Area | for reducmg| plane Area ' for reducing } plane Area 
of the Re- | the plane to] of the Re- | the plane to | of the Re- 
venue Sur- | the spher: | venue Sur- | the spheri- | venue Sur- 


vey. cal Area, vey. cal Area. vey. 
Sq. Miles Sq. Feet. | Sq Mules Sq. Feet. | Sq. Miles Sq. Feet. 
1 0 10 30 
2 + 1 20 " 119 
3 3 80 267 
4 5 40 475 
6 7 50 742 
6 ll 60 1069 
7 15 70 1455 
8 19 80 1900 
9 24 90 2405 2404765 





But the most severe test to which a Revenue Survey can be sub- 
Connection between jected, is the comparison of its results with those 
the two Surveys. of ag Trigonometrical Survey, and that this compa- 
rison may be performed as readily as possible, a due and proper 
connection between the two Surveys is essential, and scrupulously 
maintained. When this is the case, the principle, agreeably to 
which the map of the former operation may be corrected by the 
latter, may be stated as follows : 

Suppose 4, B and C, to be three points laid down by both these 
operations, 4’, B and CO" being the trigonometrical positions, while 
A," B' and C’ are the Revenue Survey sites thereof. (See page 506.) 
Now take the Revenue Survey map and place 4’ upon 4” and then 
if the Trigonometrical line_A B’ be laid off agreeably to its azimuth, B 
may or may not fall uponB," most probably it will notdoso. Again, 
when C" is protracted in the same way as B’, it will most probably 
be non-coincident with C’. Here is therefore a triangular tract of 
country ABC which is represented by two dissimilar triangles 
A'BC' and A'B'C" possessing only a common point 4. Assuming 
the Trigonometrical area .4’B’C' as errorless, that furnished by the 
Revenue Survey, namely, 4’B'C" must not only be shifted from 
its original position, but enlarged or compressed, as the case may 
be, so as to produce a perfect coincidence with A’B'C’. When this 
operation is gone through, the Revenue Survey points, comprised 
CHAPTER XXVII | 


504 


within the triangle .4’B’C", will fall into such positions as would 
make them correspond with the Trigonometrical sites A’B’ and C’. 

When the first triangle has been corrected, take the trigonome- 
trical position D’ of a fourth point D, and compare it with its Reve- 
nue Survey site D', it is most likely that D’ and D’ will have 
different positions. Forming as may be convenient ABD or ACD 
or BCD into a triangle, its Revenue Survey value may, by a process 
similar to that just described, be made to agree with its trigono- 
metrical value. In like manner the remaining parts of the Reve- 
nue Survey map may be altered, soas tomake them conform to the 
correct areas of the Trigonometrical Survey. 

When the several parts of a Revenue Survey map are altered in 
the way abovementioned, the corrections applied are supposed to be 
small, or if large, they are supposed to be in the same direction and 
proportional to the areas to be altered. When either of these is 
the case, a most perfect map will be obtained. But if the correc- 
tions are irregular, that is, if they demand unequal enlarge- 
ment of the different parts of the map, or an unequal compression 
of them, or if some corrections require enlargement and others com- 
pressions, the corrected map in altering the relative positions of 
villages, would furnish a distorted representation of the country, 
which would decidedly be inferior to the original uncorrected map 
which perhaps did not contain these distortions. 

The following comparative Tabular Statement of the numerical 
values of surveys conducted both in the North-Western Provinces 
as well asin Bengal, and performed at an interval of 17 years, 
will best illustrate the preceding remarks. 


Revenue Survey of 1832 compared with the Trigonometrical Survey. 





These distances are deduced from the Tables of the Merdional and Perpendicular 
Co-ordinates on Page (505). 
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Revenue Survey of 1849 compared with the Tregonometrwal Survey. 














Calcutta Base North End to Barakpur Flag Staff 
Ditto North End to Armenian Church, Chinsura 
Ditto North End to Fort Wilham Flag Staff’ . 
Samalha to Sansa o 
Sarisa to Diamond Harbour Semaphore 

South End Base to Fort Flag 

Fort Flag to Samalia 

North End Base to Chinsurah 

Chinsurah to Boga 


These distances are deduced from the sycceeding Tables of the Meridional and 
Perpendicular Co-ordinates 


Extract from the Deths and Saharanpur Revenue Survey. 





saat el ph the Jama 
Stations. ay = Fal ee Sat 
Mendian Perpendicular 
Tower at Godhna N. 5847 E. 3205 
Church at Sirdana 9 2783 oy» 1849 
Tower at Saini 99 ©2142 » 2685 
Tower at Saroli near Sirdana »y «sc. 881 x ©«=«d«'387 
Tower at Dholr} 9) 1487 x» «sa: 87 
Tower at Karol 8S 2641 x» 1530 
Tower at Bahin 9» 3812 >» 181 
Platform at Chapra 9, 5044 W. 1086 
Extract from the 24-Purgunnahs Revenue Survey. 
Distances from the North End 
Stations Re icntase ia, 
Meridian, Perpendicular. 
Barakpur Flag Staff 4 N. 28319 W. 10130 
Armenian Church, Chinsura 99 1000 31 E 13698 
Fort Wilham Flag Staff §. 82399 W. 20159 
Samala Tower »» 1543 78 » 587 87 
Sarisa Tower yp» 241 88 »» 955 26 
Diamond Harbour Telegraph .. . 99 2876 66 sp 95871 
South End Base to Fort Flag : 9, 31006 99 226 97 
Fort Flag to Samalha » 71979 9» 986 28 
North End Base to Chinsurah N. 95271 E 1848 
Chinsursh to Boga » 97017 9 30 93 


The distances m these Tables are given m terms of Gunter’s chain of 66 fect in 


len 

fe A and B are two points, the distance between which 18 required to be com- 
puted, calling m and p the meridional and perpendicular co-ordinates of the former 
pot, and m’ and p' the lke co-ordinates of the latter, then the distance of A to B 
will be equivalent to { (m w m’)® + (p wo py} 3 That 1s to say, the required 


distance is the hypothenuse of a right-angled tnangle, whose sides are ; 
pw p’. As for example, the disses Rom ele, mon m and 


Sain to Sarol = { ( 2881 — 2142) + ( 2685 — 1387)*} 3 
= 146953 chains = 969 89 feet. 
It should be borne in mind, that when either the meridional or perpendicular 
i rs happen to ig tan ge peg ogre eg me square of the swn of the 
ordinates s0 require 
aufference. Thus tli distance fron” ee ee ee 
Bahin to Chapra = { (5044—3812)* - (181 -- 1086)*} a 
== 1767 23 chains = 1166 37 feet. 
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From an inspection of these Tables, it will be seen that the 
errors committed on the two Revenue Surveys range from 1:62 to 
33°50 per mile on the former, and from 48 to 12 feet per mile on 
the latter, and they all lie in the same direction, the Revenue 
measurement being in defect of the Trigonometrical Survey. 
Taking the smaller of these discrepancies as the error of the 
Revenue Survey unit, it will be seen that the greatest error 
actually committed in the more recent operations is only 7 feet per 
mile. 

The azimuth of any side of the large triangles, likewise proves 
a check on the deduced azimuth of the Revenue Survey as con- 
veyed from one main circuit to another, and this comparison is 
carefully carried out when opportunity is afforded for so doing. 

Having explained in a general way the principle agreeably to 
which the details of a Revenue Survey may be combined with the 
results of a trigonometrical operation, we will now proceed to 
describe the mechanical process whereby that combination may be 
effected in practice. For this purpose, retaining the characters 
already used, we will represent by 4’B'C" the Trigonometrical, and 
by A'B'C" the corresponding Revenue Survey triangle. Of the 
three angles of the former triangle, suppose 4’ to be nearest to a 
right angle, now take the sides A’B and 4’ adjacent to this 
angle and divide the former into m and the latter into n equal 
parts, # and » being two independent numbers. This done, draw 
through the dividing points of 4'B parallels to A’C’. In like 





manner through the dividing points of the latter, draw lines 
parallel to the former. This will divide the triangle 4B C" into 


a certain number of spaces, the greater part of which will be 
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parallelograms, and the remainder, triangles, as shown in diagram 
No. 1. 

After the trigonometrical triangle 4’B’C’ has been divided in 
the way above described, the corresponding Revenue Survey 
triangle A’B'C" may now be subjected to a similar operation by 
dividing the side A"B’ into m and .A'C" into n equal parts, and by 
drawing through the dividing points of either line parallels to the 

‘other. This is done in diagram No. 2, and the spaces into which 
the triangle 4'B’C" is divided, are analogous to those contained 
in the triangle A’B’C", the corresponding spaces in the two figures 
being marked by the same numerals. 

When this preliminary division of the Trigonometrical and 
Revenue Survey triangles hasbeen made, the details from each of the 
revenue spaces are sketched into the corresponding trigonometrical 
space. When the sketching of all the spaces is completed, the 
Revenue Survey details will stand transferred into the Trigono- 
metrical Survey map. 

It ought to be observed at this place, that this operation of 
sketching, which is performed by the hand and the eye, is a guess 
procedure, and that supposing it to be executed as skilfully as 
possible, it will always be liable to some error. This error, how- 
ever, will be reduced to minimum, if the spaces to be sketched are 
sufficiently diminished in size. For this purpose the most con- 
venient form for a space of this kind is that of a parallelogram, 
right-angled, or as nearly right-angled as possible, with sides 
varying from one-fourth to one-third of an inch in length. The 
first of these conditions will be attained by constructing the 
small parallelograms upon those two sides, which contain 
either a right angle or an angle which is more nearly a right 
angle than either of the remaining angles of the given triangle. 
As to the second condition, it will always be in the power of a 
draftsman to fulfil it, by assigning proper values to m and n, 
taking care that these values come under any of the following 
forms, *, 31, .° 5", the exponents p and g being any integral nuim- 
bers whatsoever. When the numerical values of m and » are 
taken equivalent to powers of 2 and 3, or to the products of those 
powers, the division of a given line into a required number of 
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equal parts will become as easy as possible, it being carried on by 
continual bisection or trisection of distances, or by those two 
operations taken combinedly. 

One advantage attending the combination of the Revenue with 
the Trigonometrical Survey, consists in the cancelment of the 
errors of measurement, which are almost unavoidable in the former 
operation. The second advantage of such an incorporation is the 
elimination of those small discrepancies in computation proceeding * 
from the wrong assumption made in the Revenue Survey of the 
earth being a plane. But there is a third, and perhaps the most 
important advantage, accompanying the union of the two surveys, 
which consists in the reference of the Revenue Survey details to 
proper meridians and parallels. From the manner in which a 
Revenue Survey is conducted, it may be easily inferred that those 
lines can never be drawn with any accuracy in the plan of that 
operation. On the other hand, they can be laid off with the 
greatest exactness in a trigonometrical map, from the known lati- 
tudes and longitudes of the trigonometrical stations contained in 
it. Suppose the operation of drawing the meridians and parallels 
is executed in a trigonometrical map, whereto the Revenue Survey 
details have been transferred, it is evident that that operation will 
fix the latitudes and longitudes of those details, a determination 
which will obviously enhance their value as geographical materials, 
in putting them in an available state for the formation of the 
general atlas of the country. 

It is desjrable that the triangulation should always precede the 
Revenue Survey ; it frequently happens, however, that in such a 
large country as India the triangulation has not extended over the 
district marked for the Revenue operations. In this case it 
becomes necessary to fix very carefully all the conspicuous objects 
and triple junction Pergunnah Stations from one permanent port of 
departure. From this first station, which should be a masonry 
pillar built expressly (if no convenient object presents itself), all 
the co-ordinate distances are computed, and are referrible at any 
subsequent time to the data produced by the Trigonometrical Sur- 
vey, s0 that an union with it may afford the means of rectifying 
the topographical maps. The stations are likewise marked as 
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durably as the means at the disposal of a Revenue Surveyor {rill 
permit, and properly connected with every available surrounding 
object of a permanent character, with a view of easy identification ; 
with the aid of a proper map of the district, and full descriptions of 
all the stations so fixed, the Trigonometrical Surveyor has no diffi- 
culty in taking them all up as secondary points. If the first point 
of departure is fixed astronomically, it is considered only tempo- 
rary, being replaced afterwards by values given by the Great 
Trigonometrical Survey, which are strictly correct as to relative 
positions, and with which no astronomical measurements executed 
by a Revenue Surveyor, can pretend to compete. 
From the year 1822, when the Revenue Surveys first com- 
menced, up to the year 1830, the rate of pro- 
hore Of opera- press at which the operations proceeded was 
extremely limited. Only 3,020 square miles, a 
little more than half a square degree, had then been performed in 
seven years, with ten officers employed in the department, the 
annual rate of progress of each Surveyor ranging from 50 square 
miles to 838 as a maximum, and at this rate it was estimated that 
the area of Bengal and the North-Western Provinces being about 
310,000 square miles, or 77 square degrees, would require 481 
years to accomplish.* The officers employed in those days, how- 
ever, had little or no assistance, and the duties performed then by 
the Revenue Surveyor himself, are now entrusted to competent 
assistants and sub-assistants with large native establishments under 
them, whilst the Surveyor acts as a Superintendent over the whole 
as described in a former Chapter, the result of which has been, that 
during the last 23 years, or since 1830, the whole of the North- 
Western Province Districts, all Behar and Orissa, and a consider- 
able portion of Bengal Proper, have been completed as detailed in the 
following page; no less than 46 districts of unsettled estates, amount- 
ing to 101,519 square miles, and 17 districts of Bengal and Behar 
perpetually settled estates, yielding an area of 62,226 square miles, 
have thus been surveyed in detail and mapped, leaving 16 districts of 


* Account of the present system of Survey, &c By Captam Herbert, Deputy Sur- 
veyor-General. Calcutta, 1830. 
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Bengal, comprising 49,059 square miles, for survey, four districts 
of which are now in hand.* 

In addition to this, the newly acquired territory of the Punjaub 
and Cis and Trans-Sutledge States have come under the ,Revenue 
operations, and afford a fine field of employment for the depart- 
ment. 

The total area of the British possessions in India, including 

Scinde, Punjaub, Jullundhur Dooab and Tenas- 
forty oY serim, has been carefully estimated at 800,758 

square miles, and the Native States at 508,442 
square miles, making a grand total of 1,309,200 square miles, as 
the area of British India. This vast superficial extent of territory 
is confined within a length of 11,260 miles of external boundary. 
The inland frontier from Tenasserim round by the Himalayan 
range of mountains to Cape Monze in Scinde is 4,680 miles, whilst 
the coast line, from Singapore round the Bay of Bengal, up the 
Malabar Coast to Kurrachee, is 6,580 miles. Of the Native States 
about 200,000 square miles are already surveyed, leaving about 
308,442 almost all wild hilly jungle and of little value, to be taken 








© Unsertiep Distaicrs SuRvEYED Serrizp Distaicrs SuRverEn. 

1. Paneeput 25. Banda. 47. Midnapore. 67. Maldah. 

2 Hurmanah. 26. Allahabad. 48. Hidgelee. 58. Bhaugulpore 

3. Delhi. 27. Goruckpore. 49. Hooghly 59, 24-Pergunnahs 

4. Rohtuck. 28. Azimghur. 50. Shahabad 60. Rayshye. 

6. 29 Jounpore 51. Sarnn 61. Beerbhoom. 

6. Suharanpore § 30. Mirzapore. 62. Patna. 62 Baraset, 

7. Mozuffunuggur. 31 Benares. 53, Monghyr 63 Goalparra. 

8. Meerut. 82 Ghazeepore. 64. Behar — 

9. Boolundshuhur 33. Jaloun 65 Purneah 63 Total surveyed 
10, Allyghur. 34 Dehra Doon. 66 Tirhoot 
11. Biynour. 35 Bhuttianah 
12. Moradabad 36. poner Districts unpEr SuRVLY 
13. Budaon, 37. Ramghur 1, Nuddea. 4 Mymensing. 
14. Bareilly. 38, Aymere 2 Moorshedabad —— 
15 Phillibeet. 39 Mairwharra 3 Pubna. 4 Total. Py 
16. Shahjehanpore Total, N.W P " 
ah Muttra. ie oe ,  Dwreicrs pexanane For Survsy. 
19, Furruckabad © 42. Bolasore. Fanci Aa pcan ac 
20. Mynpooree. 43 Cachar. a! i eccah 10. Syke 
21, Etawah. 44, Jynteah a Daagopoer 4: Tewerah 
22, a sa 45, Chittagong. 5B 12 By aaah 
23. Futtehpore. 46 Assam | 6. roe, 
24. Humeerpore eeneron aa 

| 7% Dacca 12 Total 


The above statement has been corrected up to date of second edition. 
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up.* The proper mode of filling up these extensive tracts of 
country, which are not likely to come under the operations of the 
Revenue Survey (supposing the latter to be confined to our own or 
the Regulation Provinces), will be by minor Triangulation and the 
Plane Table. The 3 inch or 2 miles = 1 inch scale, will perhaps 
be the most suitable for the nature of most of these countries, of 
which, on account of their connection with us, the liability to lapse 
to the paramount power, and likelihood of becoming the scenes of 
military movements, we require to have a good general survey. 
For topographical work, in filling in triangulation with the Plane 
Table, one man ought to be able to survey 16 square miles per 
diem, viz. 4 miles by 4 miles—on the } inch or 4 miles to 1 inch 
scale, or per season, of 6 month’s duration, about 2,500 square 
miles. For the 4 inch or 2 miles = 1 inch scale, only 4 square 
miles per diem can be executed, or about 600 square miles per 
season, and so on inversely as the squares of the scales. 

Of the area above-mentioned the countries lately lapsed to the 
British, and which may now be seen within the red color on the 
published maps, have been included. The Jullundhur Dooab with 
the Kohistan, is about 16,400 square miles, and the Protected Seikh 
and Hill States 15,187 square miles, the Punjaub Proper may be 
said to be 78,000 square miles more, and these provinces are now 
gradually coming under the Revenue operations. Indeed, 20,000 
square miles of the Cis and Trans-Sutledge States have actually 


been completed.+ The province of the king of Oude may likewise 
* Of the Native States some of the following are the most conspicuous — 


Estimated Area. Sq Miles. Estimated Area. Sq Miles. 
Oude (Lucknow) ........ -. 23,738 Bhopal ...... de a Soaremaee 6,764 
Mysore e ceosess 30,886 Rewah ..... . = cevcoes 9,827 
Hydrabad (Nizam’ 8) -- 95,3387 Protected Seikh and Hill-States . 15,188 
Jodhpoor .eesseee  ceeeucees 35,672 Oudeypore . 11,614 
Gwalior. nee «5 eseee ee 38,119 Sattara ...... ceeeakier ease up: 9001 
Bhawulpor... . . . . 20,008 Kolapo coe sen a ee oe ws 6,846 
Golab Singh ...... 2... . 26,128 Cu id wader - « 6,764 
parer (Nagpore) 4 Se ae Se 76,432 Kotah..... @eoveeneecesen eoeve 4,339 
Je &e. . ee ee ae 15,251 Indore .....  ceccee 4,467 
Bickaneer . 17,676 Travancore aiea ‘ 4,722 
ee ee abi. babe hale ara WU gece waeeee ce we 9,578 
Baroda an | a 3249 §=Bhurtpore. .....es000. eeoece 1,978 
Jhanseet ..... i eee 15,570 : 


t In addition to the whole of the Cis and Trans-Sutle, States, the following districts 

of the Punjab Proper have now been completed, viz Coo r, Ummitsur, Lahore, 

Sialkot, Goojrat and { Goojranwallah, embracing an area of 13,458 square miles July 1854, 
} Now lapsed to the British. 
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lapge some of these days—its area is 23,788 square miles. The 
Gwalior territory comprises 33,119 square miles, and the Saugor 
and Nerbudda 33,775 square miles. 

As a sample of the progress now made by the combined efforts 
of the officers employed on this side of India, 
and the cost at which the work is performed, 
the following analysis of the general average rates per square mile, 
with the total area completed, is givem for the North-Western Pro- 
vinces from-the year 1838, and for Bengal from the year 1838, the 
first commencement of operations down to the -present time. The 
average for the North-Western Provinces in the 15 seasons’ work, 
amounts to Rs. 22-5-8 per square mile, and for Bengal it is in a 
similar period Rs. 26-12-1 per square mile, whilst the general 
average on the whole area executed is only Rs. 20-3-8 per square 
mile. In the two seasons of 1847-48 and 1848-49, upwards of 
16,000 square miles of country appear to have been surveyed by 


Average Cost. 




















North-Western Provinces Bengal Promnces. 
Season of | Area Com- gat br each Season of | Area Com- ges or pad 
Survey. pleted Square ; | Survey pleted. Square Mile. 

Sq Miles | Rs | As | Pre | Sq Miles.| Rs | As. | Pie 

1833-34 3747 29 4 1 1838-39 1901 60 0 1 
34-35 5282 24 7 5 39-40 2450 49 9 4 
35-36 5391 97 5 | | 40-41 5145 23 3 | 4 
36-37 7455 23 15 0 41-42 9132 22 5 7 
37-38 12400 13 7 0 | 42-48 6035 20 | 18 0 
38-39 10974 13 15 8: 43-44 7079 18 4 4 
39-40 12698 ll 12 5 44-45 7043 16; 10 2 
40-41 12698 11 12 5 l 45-46 4 12 10 8 
46-47 3 20 1 7 46.47 7429 14 9 5 
47-48 8997 14 4 5 47-48 7097 18 2 5 
9188 13} 8 | 5 || 48-49 6243 2} 0} 4 

4 6792 19 7 2 | 49.50 4874 25 11 1 
51 1 43 1 3: 51 3565 36 0 6 
51-52 3301 36 12 8 | 51-52 3826 31 5 0 

5 4216 32 7 ll 52-53 4246 31 0 8 
Total 15 109203 22 5 8 Total 15 85032 26 12 1 

Area in Cost wn Rs Rate. 
Sq Miles R A P 
Total of the two Provinces 194235 39, 28,866 20 $ 8 


the united exertions of eight different parties in the two 
provinces. 

It appears that as the surveys advance the cost per mile in each 
succeeding year tends to reduction, caused by the facility acquired 
by the well trained establishments, and the very efficient mode of 
working them exercised by the Superintending Officers. The cx- 
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pense of a Revenue Survey, however, is much influenced by local 
peculiarities, and, even allowing for the difference amongst Sur- 
veyors, some being more skilful, active, and capable than others 
under precisely the same circumstances of doing more work, it often 
happens that the utmost endeavours of the most energetic officers 
will not produce so low a mileage cost, as others who have more 
favoured ground to go over. In the circuit system work of the 
Revenue Surveys, the size of the villages is the grand secret; if the 
average size is large, above a aquare mile, as in the North- Western 
Provinces, a good out-turn may be expected, and consequently a 
reduced cost; but in Bengal, where the villages do not average 
above Aai/ a square mile, it is impossible to compete with the extra- 
ordinary cheapness which some of the old Surveyors attained, 
neither indeed is such a thing desirable with reference to the accu- 
racy demanded in the present day. If 3,000 square miles and 
upwards is given in by a single Surveyor, the results must partake 
of that haste with which the country is got over, and eventually 
prove of an inferior order.* 

A survey establishment is always proportionally more expensive, 
the less complete it is; the chief expense being the salary of the 
Surveyor and the European Assistants. It should therefore be 
kept up in as effective a state as possible with a view of turning it 
to the best account, and by a proper division of labor, as economical 
a survey may be obtained as local circumstances will permit. At 
the average rate of progress already made in the Bengal Provinces, 
it may fairly be anticipated, that what remains to be done will not 
occupy a longer period than ten years more, when in addition to a 
good Topographical Survey we shall have a complete and detail 
record of every estate paying revenue to Government, and at the 
present average rates the cost may be calculated at about 113 lacs 
of Rupees, which added to 154 lacs already expended, will make 27 
lacs as the entire expense for Bengal, Behar, and Orissa. 

* The rise m the average rate during the past few years, may be accounted for by 


the change in the nature of the country under survey, as well as from the intricate 
detail of the work, and the minuteness with which it 1s now laid down. July 1864. 
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Part CV. 
ON THE KHUSRAH; 


OR, NATIVE FIELD MEASUREMENT. 


CHAPTER I. 


Tue chief object of the Revenue Survey in India, is either the 

Preliminary formation of a new settlement with the Zemindars 
Remarks and other petty landowners and tenants, or, where 
the provinces are perpetually settled under Lord Cornwallis’ Act of 
1790 as in Bengal and Behar, the definement of every estate on the 
Collector’s Rent Roll, and to determine the relation of land to 
jumma, by the ascertainment of the areas and boundaries of estates 
and mehals. 

In very many instances, these estates are so small or so scattered 
and intermixed, that the Professional or Scientific Survey is unable, 
on account of the enormous expenditure it would involve, to define 
such minute parcels of land. For the general purposes also of the 
current revenue business of the district, a record in the vernacular 
language is essential, and without which the people would be kept 
in ignorance of the result of the investigations pursued. 

For this purpose, therefore, it is necessary for the Surveyor, in 
addition to his own scientific operations, to carry on a Khusrah or 
statement of measurement of land, according to the native system, 
known and appreciated by the inhabitants of the district, and per- 
formed by natives, who are well acquainted with the nature of the 
tenures, the general capabilities of the soil, and the current dialect 
language. 
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Such a measurement of the North-Western Provinces has been 
entirely completed, and a settlement of the land tax concluded; but 
in the Lower Provinces, the records in the Revenue Collectors’ 
Offices, and upon which the whole fiscal and. judicial business is 
conducted, actually shew nothing more than the mere name of the 
estate and the amount of land tax (jumma) paid by the proprietor, 
and even this is frequently obscure and undefined, whilst the vil- 
lages and portions of villages of which it consists, scattered perhaps 
in different parts of a Pergunnah are known only to the proprietor, 
or his agent. The chances, therefore, of an auction purchaser ob- 
taining uncontested possession of an estate are very remote, and in 
many cases where Government have become purchasers, the autho- 
rities have been unable to trace the lands composing the estate ; or 
else, what they have been successful in finding, has been insuffi- 
cient to meet the jumma assessed. The absence of all authentic 
data regarding their districts, having long been severely felt by the 
local civil authorities, the Revenue Survey has been ordered to extend 
its operations over the whole of the Regulation districts of Bengal, 
and we propose to treat of the method of conducting an efficient 
Khusrah measurement and to explain the difference necessary to be 
observed in Unsettled Districts where the assessment follows in the 
train of the survey, and in the perpetually Settled Provinces, where 
no settlement is intended, but for which a faithful record of estates 
paying revenue to Government is so much needed. 

It must first be understood that the “Khusrah”’ is a distinct 
operation altogether from the Professional Survey; the latter is 
performed on scientific principles, with first-rate instruments and 
by experienced Europeans and East Indians, aided also by natives 
trained and educated for the purpose; the former, on the contrary, 
appears to be conducted by the rudest methods, and by an inferior, 
though intelligent class of natives, the only instrument used being 
& rope, rod or chain, according to the primeval custom of the dis- 
trict. With no compass, or anything but his rope to guide him, 
the native Ameen is expected to measure a village, the total area 
of which must agree with the area defined by the Professional 
Survey within a certain per centage, and to deduce the interme- 
diate detail areas of every species of “land under cultivation,” 
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“‘thrown out of cultivation,” that which is “fit for cultivation,” “waste 
or jungle,” “ sites of villages and gardens,” “ topes of trees,” &c., the 
separate contents of which shall, in the aggregate, make up the 
correct total area of the village, to form the basis of the Revenue 
Assessment of the Mousa or village. 

As a general rule the term “‘ Measurement” is always applied to 
the Khusrah proceedings, while that of ‘“ Survey” more properly 
belongs to the scientific portion of the operations. 

As a preliminary and most important part of Survey Operations, 

the accurate demarcation of boundaries, and 
ras of Boun~ settlement of disputes, is carried on by a dis- 
tinct establishment specially appointed for the 

purpose, and although this duty is not actually in the province of 
the Surveyor, forming as it does a judicial proceeding, still the 
working of the system, and its connection with the survey, should 
be fully understood, its notice here, therefore, will not be out of 
place. A Covenanted Civil Officer, vested with the powers of a 
full Collector, having a very efficient establishment under him, 
consisting of Uncovenanted Deputy Collectors, Peshkars and 


For 12 Mowrns. Ameens, of the strength noted 
2 Uncovenanted Deputy Col- Bs. 9,600 in the margin, precedes the 
ieeber waa cs “I » 1,920 Survey, in such a way, that the 
12 Peadahs, af 3. ......0000. 93 482 Surveyor may always find ad- 
oy Anne, oe gauo ted boundaries an plenty of 
12 Pondahs, at 3 ssssee se '916 «them, to keep his parties in 





full work. The chief object of 
this Officer is to keep so well 
in advance, that no hindrance whatever may occur to the Surveyor, 
he has to furnish a sketch map of the boundary of every village 
demarcated, exhibiting the points at which mud pillars (or Thdks), 
or other marks, have been erected at certain measured distances, 
generally about 200 to 800 feet apart, together with a file or musi, 
explaining the position of these marks and the names of adjoining 
villages. At every principal angle or bend of the boundary, a mud 
pillar (or Dhue), such as is seen in the Frontispiece is erected, and 
at all triplejunction points these distinguishing marks are found, 
about 5 feet high, and at the intervening distances smaller marks, 
[PaRr Iv. 
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bamboos, sticks, or smaller mud pillars suffice. An acknowledg- 
ment (suppoordnameh) from the several parties concerned as to the 
accuracy of the boundary laid down, and for the preservation of 
the marks pending the survey—and a roodad explaining any pecu- 
lisrities in the village—the nature and names of the included 
mehals or estates, and whether there are any other lands belonging 
to the village, detached in other parts of the pergunnah; or if it 
contains interlaced lands belonging to other villages—together 
with remarks as to the prospering condition of the village, or 
otherwise, the estimated proportion of cultivation to waste, and so 
on, are included in the file. 

As soon as the Pergunnah is completed, a correct list of villages 
is made out, together with a general rough sketch, or moojmillee 
map, exhibiting every village circuit in its proper relative position. 
These documents are forwarded for the use and guidance of the 
Surveyor, and without which it would be difficult for him to pro- 
ceed. So much importance is placed on the due performance of 
this duty, that Surveyors are positively interdicted from surveying 
any boundary, unless they are in actual possession of the demar- 
cation papers. 

They are thus entirely dependant on the proceedings of the Set- 
tlement Officer for a fair field to labor in. When the marks are 
erected in the field they are frequently destroyed, both by the ele- 
ments and by the village people; without, therefore, the sketch 
map to guide him, the assistant employed on the boundary survey 
is liable to take up a wrong boundary. In some instances great 
confusion has arisen, and revision become necessary, from the 
absence or inaccuracy of these documents, the village Thakbust 
map, therefore, is required for constant reference, and is placed in 
the hands of the European Assistant, who undertakes the Profes- 
sional Survey. A specimen of this map is given in Plate XIII., 
and it may be observed that the outline-boundary should be suffi- 
ciently approximate to the map by actual survey, as to admit of 
easy comparison, and the professional map of every village must 
actually assimilate with this Thakbust before it can be passed, a 
statement to this effect being appended to every map by the Sur- 
veyor. In some districts, however, the maps are not so good, the 
CHAPTER I. | 


518 


bends and turns in the boundary being sketched in, without refer- 
ence to their actual length by measurement, and which frequently 
distorts the shape of the circuit very considerably, rendering a 
comparison with the true surveyed boundary impracticable. To 
obviate this a scale has been introduced, and even a compass put 
into the Thakbust Ameen’s hands, with which he goes round the 
circuit, taking a bearing for every bend, and laying the same down 
on his map by the aid of a paper protractor. This system is now 
generally introduced in Lower Bengal, where the intricacies of 
the boundaries, and the insubordinate conduct of both landowners 
and ameens rendered it more than advisable to adopt some further 
check on the demarcation operations, to prevent, if possible, the 
system of guess work, so frequently resorted to by the latter class 
of persons. 

The nature of the village boundaries in Bengal is such that it is 
feared even the present complete and expensive operations are 
insufficient to enable entire confidence to be placed in the maps; 
without any natural boundaries or permanent landmarks, there is 
no method by which the lines and bends represented on the maps, 
and called boundaries, can be proved mathematically; and until a 
more stringent law is enacted, to make the investigations now 
carried on permanent and unalterable, even in the Civil Courts, 
the zemindars will oppose and obstruct, and be perfectly indifferent 
to the recorded boundary of their villages, knowing that the ques- 
tion of their rights of property is not affected by the investigations 
under Regulation VII. of 1822, by Uncovenanted Deputy Collec- 
tors, or even by the Settlement Officer who exercises the powers of 
a Collector. 

It is very evident that with such precautions, and with such 
labor and expense, if village boundaries, obtained by three dis- 
tinct investigations, compared and found critically to coincide one 
with the other, and all disputes carefully settled and decided as 
well as attested by surrounding zemindars, are afterwards to be 
impugned, and, on subsequent complaint in the Civil Courts are 
found to be at variance with the absolute limits of the estate as 
then pointed out, then no blame can be attached to any one but 
the zemindars themselves, combining together fraudulently to mis- 
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lead, or else carelessly indifferent or ignorant of that which the 
Government takes such pains to ascertain. By making the pro- 
prietors of the soil fully alive to the final importance of the survey 
operations as regards their rights, this evil can alone be remedied. 
The result of the survey in Bengal may then prove of equal value 
to the Government as it now does in the North-Western Provinces. 
In every local Court the survey records are there appealed and 
referred to, with confidence, to the unbounded advantage of every 
department of public business, and the ease and relief of every 
official. 

The present extent of survey establishments, and the rapid and 
efficient manner in which they have been brought to carry on their 
operations, renders it imperative on the Revenue Officer to be at 
least one season in advance with the demarcations. Without this, 
the Surveyor could not take the field in December with any chance 
of finding uninterrupted work, and unless the demarcations are 
well # advance, the operations become a mere clog on the Surveyor, 
adding greatly to the expense of the survey, and rendering nuga- 
tory also the heavy expense of the revenue investigations. It will 
also be apparent that the utmost necessity exists for all the disputed 
ceases to be properly adjusted and settled prior fo survey; without 
this sine gué non double measurements must be resorted to, and the 
records of the survey not only delayed but thrown into confusion. 

The Pergunnahs demarcated one season may occasionally require 
to have their Zhéks or marks, which have been washed or blown 
away during the intervening rainy season, re-erected: for this 
purpose, merely a few Ameens sent round again early in October 
or November, are sufficient to induce the village authorities to 
replace the marks according to the investigations previously con- 
ducted, and thus Surveyors are amply provided for starting their 
work at the commencement of each field season. 

The ‘“ Khusrah,” as well as the Professional Survey, is done 

mouzawar, or village by village. In unsettled 
Scted wad Umstead districts it is necessary to measure by Khusrah 
re every village, and carefully to investigate into 
all the details of the qualities of the soil, nature of the crops, and 
every other description of information tending to facilitate the 
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assessment with every individual proprietor, and at the same time 
to preserve the rights of their subordinate ryuis, or cultivators of 
the soil, by recording their separate fields, and the terms on which 
they hold them from the zemindar, and to render the duties of the 
Collector of Revenue as plain and distinct as possible. 

In settled districts the areas and boundaries of mehals being all 
that is required, the Professional Survey is able of itself to ascer- 
tain this, when an estate consists of one or more integral and com- 
pact villages—and no Khusrah is therefore necessary. But where 
the villages contain such an intermixture of property that the Pro- 
fessional Survey is unable to define it, then the native field mea- 
surement, or Khusrah, is essential to supply the deficiency. By 
these means the scattered lands of every mehal or village, however 
intricate, are brought together, and the aggregate areas thus 
obtained are recorded on the plans of the Professional Survey. 
The Khusrah measurement, therefore, is only resorted to when the 
division and intermixture of property is so minute and intricate 
that the details cannot be professionally surveyed except at a most 
disproportionate and unwarrantable expense. Where there may 
be only one or two parcels of intermixed lands in a village, of 
course the whole village should not be measured by Khusrah on 
that account, these parcels may easily be shewn by the Professional 
Survey ; but where estates are held ¢mallee, or in shares, and the 
lands are divided field by field, Ahet-but (in Behar phraseology), 
or Petulgolah (as it is termed in Bengal), the Khusrah, properly 
attested by the parties, is the only satisfactory, if not the only 
attainable, record of the state of the property. In settled provinces, 
therefore, only a small moiety of the villages come under the 
Khusrah operations, generally not more than about 15 per cent. on 
the entire area, and as the nature of the soil and crops is a point 
of secondary importance, the labors and anxieties of the Surveyor 
are greatly diminished, and a vast saving of expense also effected. 
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CHAPTER II. 


THe MODE OF PROSECUTING THE KuHUsRAH. 


Tae number of villages requiring this process being ascertained. 
from the lists furnished by the Demarcation Officers, the Surveyor 
at the commencement of the season appoints as many Ameens as 
he calculates will be able to keep pace with the professional work 
(a very important point), and in most of the surveys of late years 
from 100 to 200 qualified men have been employed annually. 
The correct boundary of the village having been demarcated as 
before explained, the Ameen is deputed with suitable Perwannahs 
(written orders or summonses), and copies of the Thakbust papers, 
for his guidance; he proceeds at once to acquaint himself with the 
names of the chief proprietors, farmers and gomastas (or agents), 
and speedily enters into arrangements with them, for commencing 
the measurement of their fields, and demands the records of any 
former measurement which may be in existence, to assist him in 
his investigations, and to enable him to have some clue as t¢ the 
rights of property in the village. All preliminaries being settled, 
which takes a considerable time to effect with recusant and unwil- 
ling landowners on the one side, and exacting Ameens on the 
other, the Ameen commences to measure each field or plot of 
ground with the linear measure in general use in the Pergunnah 
or district, most commonly a rope of raw hemp, or a short bamboo 
held in the centre, and thrown down tou-ing the ground at either 
end. Every field is thus measured in the form of a parallelogram, 
by simply taking the length and breadth (or the mean of several 
CHAPTER 11. | 


does sailor r00¥8], _ 
‘aepzer vee Aa £ox0;8Tyy Tepez0 
oe oe { Si aouety } org t [faro)4 t Sah ea Sanne ang, xr} adams ont | ogg : 














Jo YMog wD 
enee ef 233 
-uypuny jo pus 
eysum uo ‘ar TH gles 
e ep peeeanen 4aet} eo OL FI di 0 a07}} a 
mace | OL 9 for o| for s\| -Ted oD oe ome morro | { mone} | 998 1 
uo poouaUrM00 
eeTBBq ea10FT 
‘Ol 6 Q 2 | 9 9 ¥ ‘g 3 | 1 
= tb a rm - 
: é : aE Eng. | - 6 
: E ‘auo Surpoooad y se = of 
edox) E “ares B B | WIta sppety Jo u0y 3 = TW g jms 
~oog UI Beery} 44 td «| -tsod eanefer pus a jo oureyy By 
R, B E azepojop JO oursyy ey why} § = 
g. & el Be 
= & = B's 


"SPST seoX oT Uy ‘uoaUTY “oROTH JopunYyD qnypeR Aq “Buoy sqHEY Og JO UFWAD & UIT pornguour sy OFvTTTA Sey, 
"eynuUnbsad -He pMINgT -yNnuunphapr youunbssg : asodsapunyoungy vsnoyy 
AVLLIHO &O HVUSOHA FHL fO NAL 


523 


measurements where the sides are unequal), the position with refer- 
ence to the adjoining fields being also carefully recorded. The 
measurements, whatever they may be, are called out loudly, for the 
information of attending witnesses, and of the royo-nuvees, or village 
writer, who follows the Ameen, and takes a verbatim copy, for the 
satisfaction of the proprietors, and as a check against the Govern- 
ment functionary. 

The field measurements are entered in a Tabular form of the 

description shewn in the preceding page, every 

The Khusrah holding and parcel of land differing in quality, 

or coming under the various denominations of 

settlements, whether lakheraj, (rent-free,) &c., are recorded sepa- 

rately, ench field being distinctly noted as lying to the North, 

East, South, or West of the preceding one, and distinguished by 

the name of the jotedar (or cultivator) as well as proprietor, 
together with such other natural landmarks as may exist. 

At the sume time with the entry of these particulars, the 
measuring Ameen constructs a rough eye-sketch (or shujreh) of the 
relative positions of all the fields, numbered to correspond with 
the Register or Field-book—and which therefore forms a complete 
index to this document. This map is merely traced by the hand, 
without scale, rule or compass—but by constant practice and a 
naturally quick eye, the Ameen is able to put each day’s work 
together, so that when the whole village is completed, the exterior 
outline or contour of the boundary bears a sufficient resemblance 
to the professional map, as to admit of easy comparison, and con- 
sidering the means employed, and the large number of fields so 
put together, averaging from 1,000 to 1,500—it is only to be 
wondered at, that such accurate and useful results are arrived at. 
Plate XIV. is a specimen of aneactual measurement prepared in 
the way described in the Sarun District. This map and register 
affords information to the most minute details, as to the position, 
size, and condition of fields, the roads, watercourses, nullahs, &c., 
within the limits of the village, forming a complete foundation for 
the abstract of estates (or khatteeawoonee) required for the purposes 
of assessment, or the Mehalwar Register, whefe no fresh settle- 
ment is needed. It must here be remarked that the fields recog- 
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nised and adopted on this side of India, are not arbitrary squares 
and parallelograms formed and moulded at the time of measure- 
ment, for the express convenience of the Surveyors or revenue 
operations, but bond fide the small and intricate plots of land 
pointed out by the people of the soil according to their own 
divisions and sub-divisions, and consistent with immemorial right 
and usage. They manage these things differently at Bombay, as 
will be seen from a pamphlet lately published quoted below.* 
Although there are some points connected with their mode of 
conducting the Khusrah, especially as regards the permanent 
fixture of the boundaries, and the completeness and sufficiency of 
their law, and consequent understanding with the people, which 
might be followed with advantage, we extract three rules which 
would appear somewhat at variance with the preconceived notions 
on this side of India.t 

The system of the Revenue Survey at Bombay appears very 
different to what we have endeavoured to describe in these pages, 
and it is not combined with a Professional Survey for the purposes 
of check or the attainment of geographical information. Our 
space will not permit of entering further into a comparison of the 
mode of procedure between the two Presidencies, and we must 
refer the reader to the work itself for further information on the 
subject, as well as to the “ Directions for Settlement Officers in the 
North-Western Provinces, published in September 1844,” in 

* Vide Official Correspondence on the System of Revenue Survey and Assessment in 
the Bombay Premdency Pmnnted by order of the Government of Bombay, 1850 

+ Rule 1, Page 4. “The number of acres for each descnption of soil and culture 
capable of cultivation by a single pair of bullocks haying been determined, the ae of 
the fields should be so regulated as to contain from this to double this number of 
acres.” 

* Rule 7, Page 21. ‘‘ When two ryots holg a field and one of them relinquishes his 
share, or dies without heirs, the share thus lapsing 1s to be offered 1m the first instance to 
the other sharer before it is offered to any other party, and in event of the said sharer 
declining 1, and, no other party applying to take it up, the former must relinquish hve 
share too, and allow the whole field to become waste |” 

Rule 8, Page 21. ‘When there are more sharers than two in a field, and any of 
them relinquishes a share, or dies without herrs, 1t should be offered as above to the 
sharers in the first instance, beginning, in event of their failing to settle the matter 
amongst themselves, with the largest sharer, and so on to the least. If none of these 
nor any other party be found to take up the relinquished share, the whole field must be 
thrown up |” 
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which very full and valuable details are given as to the whole 
process of both Khusrah and Thakbust.* 

In the definement of so many fields within a small area of per- 
haps 400 to 500 acres with a common rope, considerable error must 
be caused; in Khusrah measurements, however, it is not the mere 
error of bad tools and bad workmanship that is to be guarded 
against, but the most venal and nefarious practices, for which 
Ameens are notorious in all parts of India; the frauds and pecu- 
lations they enter into with the Zemindars require the utmost 
energy, activity, and watchfulness of Superintending Officers to 
keep in check. The profession of a Surveyor is always onerous, 
but when he is invested with the charge of the Khusrah, in 
addition to his scientific operations, his duties become very 
arduous and full of anxiety, for without the most incessant check 
and control over his Ameens, scattered through perhaps 150 
villages and a superficial area of one hundred square miles, he 
never can expect the measurement to proceed systematically, and 
satisfactory for the purposes of the civil authorities, or free from 
complaints on the part of the Zemindars. 

The check on the total area of the village, as soon as all the 

fields are put together, and the totals in the 
Pore check, Khusrah, or Field-books added up, is easily 

made by a comparison with the professional area. 
The two operations are expected to coincide with each other 
within 5 per cent., though a much nearer approximation is most 
commonly made; and when we consider the means at the disposal 
of a Native Ameen, it is a matter of astonishment how such a 
result is produced. Such is the nicety with which experienced 
men can bring these measurements, when rigorously watched and 
superintended, but only when kept in check by the simultaneous ' 
procedure of the professional survey, that thousands of villages 
are annually completed, differing from the true areas much less 
than the maximum allowance, the average difference frequently 
being reduced to one per cent. on the total area. But besides this 


* See also “Translation of a proceeding, (or complete Misl) regarding the settlement 
of a village according to the system pursued in the North-Western Provinces. Pub- 
lahed under the authority of the Lieutenant Governor in 1847.” 
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primary test, it is essential to examine or Purtail a certain per 
centage of the fields to ascertain if 4 has received more than his 
proper share, or B less, and also to verify the crops or quality of 
the soil, in which lies the greater chance of the Ameen defrauding 
Government by describing land as second or third quality, and 
yielding but one crop, when it is in reality first-rate, and pro- 
ducing two crops annually, and on this essential investigation 
depends the amount of sudder jumma (revenue) likely to be col- 
lected where an assessment is to follow. 

For the detection of such imposture then, Purtal/ Ameena, on 
suitable salaries of 15 to 20 rupees per mensem, are appointed to 
go to the village after the Ameen has concluded his task, and 
remeasure a certain number of fields at random, and describing 
the true produce and capabilities of the soil. It is sometimes the 
practice to measure a line right across the village, and to note 
the several distinct properties as they fall under, or intersect this 
line of measurement, and by this method a larger number of fields 
are checked than could otherwise be done. The Khusrah is like- 
wise subjected to the personal supervision in the field of the Sur- 
veyor and his European Assistants, and to examination and check 
as to the accuracy of the figures in the offices. The establishment 
generally sanctioned for this purpose is as follows : 

1 Head Moonshee at 20 to 30 rupees. 

For 12 months. 1 Naib ditto at 15. 

1 Mohurrer at 10. 

4 Purtall Ameens at 15 to 20 rupees. 

8 Peadahs or Measurers at 3, 
or one Purtall Ameen to 25 Measuring Ameens, and with such 
assistance the Khusrah operations ought to proceed systematically 

*and well. Each European Assistant and Sub-Assistant Surveyor 
performs this field Imiehan, or supervision of certain per centage 
of the villages within his division, rendering a report of the 
results, to the Revenue Surveyor after the following form, and this 
Purtall is filed with the misl. 

If, on a comparison of the Ameen’s measurement with the pro- 
fessional area, or the Purtall, discrepancies are detected, the 
offender may be summarily punished by fine, or t a case of fraud 
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against Government the case if made over to the Zillah Criminal 
Court, is punishable by fine to the extent of 200 rupees, or in 
default of payment to imprisonment for a period not exceeding 
six months. The difficulty of keeping a large body of Ameens in 
order, must be obvious, stringent discipline is therefore absolutely 
necessary, and a single case made over to the Magistrate, in- 
variably instils a most wholesome awe in the rest of the establish- 
ment, and the effect produced is most advantageous. 
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On the completion of the measurement of a village the Khusrah 


mésl, or chitta, or Field-book as before described, is copied out 
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Peer eee fair, and the total area and abstract of details 
pre- 
prepared and dis- duly recorded on the fly-leaf. This document, 
ne together with the field map, is signed by the several 
proprietors concerned, any objections being fully enquired into, 
on representation to the Superintending Officer. After passing 
the test of the Purtall, and the total area of the village coinciding 
within the allowed limits with that of the Professional Survey, 
the field map is compared with the Thakbust as well as the pro- 
fessional map, and the whole file then made over to the Settlement 
Officer, duly signed and attested on every leaf, all erasures being 
specially accounted for. If a settlement follows, a further enquiry 
is instituted by the revenue authorities as to the description and 
quality of the soil and crops. The khatteeawoonee, or abstract of 
the number of fields appertaining to each estate, is then made out 
and this forms the basis on which the assessment is levied or the 
Mehalwar Register is constructed in English. On the latter 
record being formed, with all the statistical information available 
from the village maps, a volume for each pergunnah is finally 
deposited in the Collector’s office for the benefit of the public 
service. The vernacular files and Khusrah maps are deposited in 
a similar manner, and as the attainment and preparation of these 
documents has been laborious and expensive, so should their pre- 
servation and safe custody be equally cared for. 
Whatever may be the nature of the Measuring Ameen’s record 
of the soil, or produce, Zemindars have always 
acl el various objections to offer at the time of signing 
their agreements, and invariably press for a re~ 
duction of the estimate and a further investigation on the part of 
the Assessing Officer. The point is an important one, and how- 
ever well a Surveyor may watch over his Ameens, it is almost an 
impossibility to protect effectually the Government interests in 
this respect. In anticipation of a new assessment, the people 
have recourse to all sorts of stratagems, lands are thrown out of 
cultivation and allowed to run to waste, and vegetation being so 
rapid in India, a single season is sufficient to prevent a fair identifi- 
cation of the soil. Ameens likewise are notoriously venal, and an 
understanding is soon made with the village authorities, who are 
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in the habit of paying a certain black mail, for every beegah, the 
quality of which is underrated. As detection, however, is more 
than probable, the promises made at the time of measurement are 
not always carried into effect by the Ameen, when he lodges his 
Khusrah, and the deception is not discovered by the Zemindar 
until the time of settlement arrives, and then he enters general 
complaints against the measurement. 

The duties of Ameens are extremely irksome and laborious ; 
perfectly dependant on the will and pleasure of Zemindars and 
other lazy village authorities, for the prosecution of their daily 
work, and for which they are paid very insufficiently by Govern- 
ment, it is not surprising that they must live by other means, the 
remuneration therefore comes from the people of the soil. "Where 
payment is made by contract, the Ameen must be compensated for 
the delay which the Zemindar deems it actually necessary to his 
dignity to observe, and until several petitions have been made 
against him, he does not dream of making a move to co-operate 
with, or assist the Ameen. Such a system is much to be regretted, 
but no endeavours, on the part of a Surveyor, can remedy it. 

The non-attendance and opposition of the village authorities, 

Obstruction to due G@omashtas, and people generally, and the conse- 
program: quent detriment to a survey is @ most serious evil. 
Every subterfuge is used to delay proceedings, consequently in- 
numerable complaints are made by the Ameens, which are met with 
counter charges of extortion and corruption on the part of land 
owners, the investigation of such cases forming a very pretty item 
in the day’s labors of a Superintending Officer. In all survey and 
measurement operations the very vitality and entire success of a 
good season’s work depends, not on mere compliance only, and a 
tardy attention to the wants of the party, but to an wnmediate and 
ready co-operation with them. The demands for attendance to-day, 
when the survey approaches a certain spot, are vitiated if not re- 
sponded to for a week or fortnight; by that time the advantage is 
lost, and most likely the necessity no longer exists. In the Pro- 
fessional Survey particularly this is much felt; scientific operations 
cannot stop, expensive establishments must advance, and show a 
certain amount of work at the end of the month, and by the time a 
CHAPTER II. | 2M 


* 580 


village authority thinks proper to do the very little that is asked ¢ 
of him, the survey in all probability is some miles in advance. 
For this cause an Ameen is tied down to a single village the greater 
part of the season, and it is most difficult to estimate the progress 
of the Khusrah, or to calculate on having the whole of the villages 
which have been included in the Professional, completed by the 

Ameens. 

The notice of the authorities and of the Government has con- 
Attendance of  Stantly been drawn to this subject, and a new 
pores ail aad enactment has now been published, which, though 
it does not go far enough for the cure of the evil, 
still supplies a partial remedy, which it is hoped will have some 
good. effect. Act No. XX. of 1848, “for better enforcing the 
“ attendance of proprietors and farmers of land before Collectors of 
“Land Revenue in the Lower Provinces of the Bengal Presidency,” 
authorizes the infliction pf a daily fine, not exceeding in any case 
50 rupees, on any farmer or proprietor who shall refuse to attend, 
or cause his agent to attend, when duly summoned, and the amount 
of such fine accruing due, from time to time, may be levied without 
further confirmation by the same process as is prescribed for the 
recovery of arrears of revenue. Every such fine, and the amount 
levied, from time to time, being reported to the Commissioner of 
Revenue, and to whom appeal is open in the usual manner, such 
appeal not to prevent the levying of any fine so imposed, pending 
the appeal. Hitherto, before a fine could be levied, the tedious 
proceeding of obtaining the Commissioner’s confirmation had to be 
gone through, and by the time this was done the business perhaps 
was concluded, consequently such fines were seldom if ever upheld, 
and the imposition became an empty form. It is to be hoped that 
the present law is not put into the hands of the executive for mere 
show or form, but that it may be brought into play effectually and 
instantly where necessary, 60 that the serious loss of time to Survey- 
ors and consequent increased. cost and expense to Government, may 
in a measure be avoided. When once an example is made in a 
Pergunnah or District, no further difficulty is experienced, and all 
parties are saved a great deal of annoyance and extra labor. The 
Revenue Surveyors in Bengal are all vested with the powers of 
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a Deputy Collector under Regulation IX. of 1838, with a view of 
giving them some weight and importance in their several districts. 
These powers are not often required to be put in force in conse- 
quence of the presence of the Settlement Officer, but still, in cases 
of contempt, not involving a case of resistance, a fine may he levied, 
and in minor cases penal powers can be exercised under Section 21, 
Regulation IV. of 1793, Section 6, Regulation XII. of 1825, and 
Clause 3, Section 23, Regulation VII. of 1822, imprisonment in 
the civil jail for a period not exceeding 6 months, being the alter- 
native in default of payment of fine, under Clause 7, Section 46, 
Regulation XXITI. of 1814. 

The number of Khusrah Ameens generally employed on the 

Number of 4 _Dengal Surveys varies from 100 to 150 according 
Ameens employed. to the strength of the Professional Establishment, 
and the average number of villages requiring the detailed measure- 
ment. There is, however, no fixed limit, it being in the power of 
the Surveyor to apply as many men as the nature and progress of 
his work demands, and the rate of payment being solely by contract 
for the quantity actually measured, it is of no consequence, as to 
the exact number entertained. It is necessary always to have 
plenty of these men who are able to conduct their duties systemati- 
cally, and in strict accordance with the orders laid down for them, 
and to train and instruct others who may always be ready to be 
enlisted in the service. Ameens are generally to be found and are 
easily taught, though good and trustworthy ones are not quite so 
easy of attainment. Each Ameen generally is obliged to employ 
one or more mohurrurs, (writers) and after a season or two, these 
men become experienced and fully qualified to undertake measure- 
ments themselves. Thus a full complement is always kept up, and 
spare men available on every emergency, and asa survey is extended 
from. one district to another the Ameens are taken on, with the rest 
of the Establishment. 

In unsettled districts the proper number of Ameens necessary to 
keep pace with the Professional Survey also depends very much on 
the nature of the tenures, and is always fluctuating. If the settile- 
ment is to be made ryutwarry then every separate field under a 
separate cultivator (ryut) must be defined, and the proceedings 
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become very tedious and voluminous, but if the agreements are to 
be made only with the maliks, talookdars or proprietors, the record 
of estates only is sufficient, and an Ameen can in the latter instance 
make infinitely greater progress. Much depends on the humour of 
the Zemindars, if they will readily afford assistance, the Ameen can 
get through his work in half the time it otherwise takes him ; some 
Ameens will remain the whole season in a moderately sized village, 
whilst others will complete ten times the area in the same time. 
There are so many things to facilitate or retard progress, that it is 
next to impossible to make any effectual provision to establish an 
uniform rate of work, and for this reason a contract payment only 
can. be resorted to; there is no limit to the sum drawn for under this 
head, and it is not included in the fixed annual maximum. The 
steam, therefore, must be put on according to circumstances at the 
discretion of the Surveyor, so as to meet the exigencies of the 
operations. 4 
The first great object is always to keep the two combined opera- 
alee: tions of Khusrah and Professional well up to or 
tions how to proceed abreast of each other, it being necessary that the 
Khusrah should coincide with the Scientific Survey, 
as nearly as the means employed will admit. Such a result cannot 
be more effectually attained than by making the two operations 
proceed simultaneously under one and the same guidance—in fact 
this is a sine gua non—and for this reason the Surveyor is the 
proper person to superintend and control all the proceedings rela- 
tive to measurements, .as in like manner the Civil Officer is for all 
questions and duties of a revenue character. In the North- Western 
Provinces, this was invariably the case, while the quality of the 
soil and record of the crops rested on the responsibility of the Set- 
tlement Officer. If the operations are under different management, 
it is evident simultaneous progress cannot be expected. The Settle- 
ment Officer is either in advance, or in arrears of the Professional 
Survey, and if the work is carried on without reference to the 
Surveyor, the probable chances are that the same lands are not 
measured, the Thaks or marks erected in the field from the lapse of 
time, are not found, and thus discrepancies are engendered, which 
will cause extreme difficulty and delay in reconciling ; and where 
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identity between the two operations does not exist, the matter 
remains a contested point between the Surveyor and Settlement 
Officer, the former has perfect confidence in his work, and the 
latter, knowing the impracticability of making Ameens re-measure, 
or even re-investigate their work, believes that he is equally as 
near the truth — thus constant correspondence between the two 
offices gives rise to serious delay and incessant annoyances. On the 
other hand, if the Ameen is on the spot, as hesinvariably ought to 
be when the boundary of the village is professionally surveyed, and 
before the marks and pillars have been removed or washed away, 
he is at once made acquainted with the correct limits of his work, 
and by co-operating with the Assistant Surveyor can compare his 
exterior boundary, and rectify any errors which he may chance to 
perceive, between the marks on the ground and the Thakbust Sketch 
Map as furnished by the Settlement Officer. For the check on the 
Khusrah to be in the smallest degree effectual, it must be prompt, 
the delay of a year or a season in this respect will prove fatal to the 
value of the measurement. 

By these means the records are compared at once, and thus by 
mutual assistance, both parties proceed with confidence, and the 
first step towards accuracy is attained. The Professional Maps and 
Registers are all dependant on the Khusrah Returns, and by the 
preparation of these, in his own office, the Surveyor is enabled to 
complete and lodge each season’s work during the recess, a point of 
the utmost importance to accuracy and fair progress ; and on com- 
mencing a fresh field season his time and attention is not distracted 
by arrears and an inconvenient excess of office documents, to move 
about within the district. By an absence of this due and speedy 
comparison of the two operations, both are left in doubt and dis- 
trusted. by the local Officers, and upon this bare fact, the Survey of 
whole districts have been recommended for revision, entailing 
immense expense, as well as confusion in the records, and anxiety 
and vexation to both Zemindars and Surveyors. It is in vain to 
expect a large body of Ameens to be kept in check except by the 
presence of a Professional Survey, and by the knowledge that detec- 
tion of misconduct is certain, through some of the agencies at the 
command of a Professional Surveyor. 
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The following Table exhibits the general average cost of the 
Khusrah measurement, including the Purtall 
Office Establishment, and proportion of Euro- 
pean Superintendence on 15 completed Surveys in Bengal—from 
the year 1839 to 1849. It must be observed that where the extent 


” Cost of the Khusrah. 


Table exhiisteng the average Cost of Khusrah Work on Fifteen completed 
Districts in Behar and Bengal 


> 
a 


Maps by Scale and Com 
Ro ape of any sort. aa 


1841 | Pooree Ditto 
842 | Cachar and Sylhet Na Mane. by Scale and Compass 
o M 


1 
Hidgelee and Tumlook 
Behar 


-_ 


ag | sounesreesEsEeE me 
at pet 
839890 Pe Cet © tb 9 or 


~ [ee 





measured is greatest the expense is diminished, the cost of superin- 
tendence and Purtall being much the same in any case, therefore 
the lesser area has the greater proportion of expense thrown on it. 
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An insight into the earnings of Ameens in each season, would, 
however, amply show that this class of public servants do not depend 
on the money they receive from the Government, and as before re- 
marked, without bribery and carruption they could not possibly 
exist. Every Ameen is obliged to keep a Mohurrur and two men 
to drag his rope, besides generally a Peadah, a Chattah Bearer, &c. 
The mode of paying Khusrah Ameens is invariably by contract ; 
fees at the rate of about two rupees for every hun- 
dates toe eek dred acres of land under cultivation in Bengal, are 
paid as scon as the measurement of the village is 
passed and approved of, and one rupee for the same quantity of 
jungle or waste. This sum includes the paper and every expense 
necessary for the production of a fairly written and intelligible 
record, which, eventually, is filed in the Collector’s Office. This 
rate of payment, however, is somewhat higher than that observed 
in the North-Western Provinces, where the remuneration was not 
more than one rupee for a hundred acres of cultivation and eight 
annas for waste The difference, however, between the two Pro- 
vinces is great: in one the fields are small and complex, requiring 
much nicety; in the other the tenures are large, and easily and 
speedily measured. Ameens being paid only for work performed 
in the field it is their object to remain out as long as possible, but 
8 months out of the 12 is the utmost that can be made available for 
such work. During the recess therefore it is most difficult to keep 
this class of men in attendance at the office, and if possible miscel- 
laneous employment should be found for them, such as the prepara- 
tion of the Khatteeawoonee, by which a subsistence allowance may 
be earned. 
Hindoos of the Kyut caste are always to be preferred for this 
duty ; and all Hindoos before Mussulmen, which 
Coste of Natives Pre- latter class of men never seem able to compete 
either in accuracy, intelligence, or even honesty 
with their Hindoo brethren, it is therefore customary always to 
entertain men of the latter caste. Generally speaking they are 
respectable, well dressed and intelligent, and carry much weight 
with them on entering a village, assuming great consequence, and. 
summoning the village authorities to attend them with a great 
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deal of parade and show. The retainers,of an Ameen are very 
considerable, and he never appears ou$‘without a bearer holding 
a chattah (umbrella) over his head. 

In some Districts ‘the Khusrah is carried on very badly, no 
sketch maps are given, and the Ameen’s file when prepared, is but 
a dark and doubtful document indeed. If there is any large dis- 
crepancy in the area, it is impossible to know from what causes 
arising, as orders for re-investigations in the field are seldom, if 
ever obeyed, by an Ameen, and if re-measured, produce no satisfac- 
tory result. Revenue Surveyors cannot be too particular in looking 
after their Khusrah work, as on its correctness depends the entire 
value which the local civil authorities place on the survey gene- 
rally, and great discredit would attach to any Surveyor, whose 
Professional Survey should be revised owing to discrepancies being 
detected between it and the Khusrah. Ameens require the most 
rigorous surveillance, and without a severity and control such as 
European energy of character alone understands how to enforce, 
without, in fact, they are watched and checked with an iron hand, 
the utmost difficulty will be experienced in proving their measure- 
ments, and making them coincide with the Professional area. 
Security should always be taken on the entertainment of Ameens 
for their good conduct and attendance, and no work is paid for 
until approved and passed. 

To obviate as much as possible the difficulties attending the 
supervision of Ameens, the following rules for their management, 
should be attended to, as far as practicable, and the local pecu- 
liarities of a District will permit. 

Ist. Khusrah Ameens should be nominated to villages in such 

: a way that they must be present when the pro- 

"ihn pudeceiot Aeasioniel boutdary eurvey is laid downsand thet 

rea personal attendance to witness this important opera- 

tion, ought to be insisted on, under penalty for non-compliance, a 
sufficient number of men being always kept up for this purpose. 

2nd. Any unusual detention of the measurement papers in the 

hands of the Ameen after the work is done, must be guarded 

against. As much as is done monthly, weekly, or even daily, if 

practicable, should be lodged in the Surveyor’s Office, and constant 
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enquiry must be made to prevent Ameens leaving the scene of 
their labours for their oWi homes, before their papers are finally 
submitted. 

8rd. No Ameen should be employed who is unable to produce 
a tolerable field map (Shujreh) or sketch of his measurement, 
exhibiting every field and delineating the exterior boundary, and 
who cannot give good tangible security for his attendance and 
good behaviour. 

4th. No Ameen to be nominated to two villages at once. As 
soon as the records of one are lodged in the office it will be ample 
time to give him more work. 

5th. Any Ameen who is constantly complaining of the conduct 
of Zemindars, raises an unusual number of disputes, and remains 
in a village any unreasonable period, without furnishing his 
measurement, should be removed. Such petitions, although often 
well grounded, are more frequently based on motives of private 
pique and revenge, or to suit their own purposes, and throwing 
the entire responsibility on the Ameen, is the only effectual way 
of putting a stop to it. 

6th. When an Ameen is detected in committing fraud, the 
case should be immediately made over to the local judicial autho- 
rity. In Establishments composed of 150 to 200 Ameens the 
chances of detection and proof are so slight, that when a case 
occurs, an example of the offender is absolutely essential. 

7th. Having procured the local linear measuring rod or rope 
of the district, every precaution should be taken to guard against 
the Ameen’s using any other. The length of this rod or rope is 
to be carefully recorded in British feet and inches on the fly leaf 
of every Khusrah, as well as on the Professional village plans, and 
ought also to be made known by éstehar throughout the district, 
no other measuring implement but an iron chain of the correct 
length, should now be on any account used. 

8th. The native method of measuring and calculating areas, 
being limited to rectangular figures, all very irregular, or uneven 
sided figures, should be avoided as much as possible; where such 
shaped holdings really exist, the measurement should be divided 
into separate parcels, and recorded under the remarks, so that the 
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error of the entire field may be reduced within the smallest limits. 
Ameens to save themselves trouble aré in the habit of making 
their fields as large as possible.* 

Irregular pieces of waste land, and watercourses, site of village, 
&c., running in the centre of the village circuit, may be seen on 
all the specimens of Shujrehs of the old surveys, but the recorded 
area must be far from the truth, neither is it possible to construct 
& map from such measurements. 

9th. Each Ameen’s measurement must be confined to the 
actual village circuit as laid down Professionally and by Takhbust. 
All intermixed lands of other villages or estates found within that 
circuit to be included in the record under a distinct head, but all 
detached and distant lands, belonging to the village under mea- 
surement, not to be sought after, or cared for, such parcels and 
portions of land being duly taken up, with the village in which 
they are actually situated. 

10th. Full instructions to be embodied in a dustur-ool-oomul 
perwanah (written standing orders) to be given to every Ameen 
prior to his deputation on any measurement, and which perwanah 
should be copied out in the Ameen’s own handwriting, to ensure 
the contents being, at all events, read, and as a proof that he 
can write well. 

llth. In the fair copy of the Khusrah, no erasures or blots of 
ink to be permitted, and the country paper on which the docu- 
ment is written, should be prepared with a solution of Tootwa-Metha 
and Neem-putia,t (articles procurable in all bazaars) as a protection 
against the ravages of insects. The field map or Shujrehs 
should be on English paper of a durable texture, as they cannot 
be replaced if lost or ee without repairing to the spot to 
construct another. 

© Definition of a fleld —“A field is a parcel of land lying in one spot in the occu- 
pation of one cultivator, held under one title, and generally known by some name in 
the village. The Surveyor should be careful not to show two fields as one, nor to 
divide one field into two. The Ameens are exceedingly apt to fall mto the first of 
these errors, as it enables them to get over more work, and consequently to earn more 
in the course of the day whenever they work upon contract.”—Jnsiructions to Settle- 
mont Officers, N. W. P, para. 24. 

f “Tootia,” Sulphate of Copper, Blue Stone, “Metha,” Fenugreek (Ingonella 


Fonum-grecum). ‘Neem Putta,” Leaf of the Neem Tree (Meha Semper Virens.) 
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12th. The fees for the performance of the measurement, not 
to be paid until the work has been compared and found to be cor- 
rect in every respect, and all the papers in which corrections and 
alterations may have been made have been duly replaced by fair 
copies, properly compared. and attested. 

18th. The areas of the Professional Survey to be carefully 
concealed from the Ameens, and native Omlah of the office, and 
Sub-Assistants to be interdicted from furnishing such information 
either in the field or during the recess. Ameens are very liable 
to make up their total areas to agree with the Professional, and by 
putting in infinitely small corrections over a vast number of fields, 
have the means of producing an approximate result. 

In many districts there will be found a superabundance of jungle 

and waste lands inconvenient or impracticable 
sane of to measure by Khusrah, and which also, on the 
score of expense, it is unadvisable to permit the 

Ameen to interfere with. When a village circuit contains a very 
large proportion of such land, the existence of which is always 
ascertained by the Professional Boundary Surveyor, the cultivated 
portion of the village should be divided off into a separate circuit 
by the interior detail Surveyor so as to permit the area to be calcu- 
lated. by triangulation on the map, and only so much given to the 
Ameen for a comparison, of whose work, therefore, a distinct area 
is found by the professional operations. The jungle thus forming 
a circuit of itself, its area can either be added to the Khusrah misl 
in the aggregate from the Professional Survey, or a note can be 
made by the Ameen that it has been omitted in his proceedings. 
By this method considerable expense is saved in the Khusrah 
operations, and the accuracy of the area of the cultivated portion, 
really measured by an Ameen, is not vitiated by the insertion of 
the area of such pieces of waste and jungle, which it is well known 
a native Ameen cannot, and will not actually measure in the field, - 
but invariably enters it by guess. The small additional labor 
with the Professional Survey is therefore, in all respects, the pre- 
ferable course to pursue. Of all things forged measurement papers 
are the most to be deprecated and guarded against; whilst an 
offence of this nature should always be visited with the severest 
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punishment, the temptation should never be put in an Ameen’s 
way, and if a large portion of a village circuit is reported to con- 
sist of jungle or waste land, immediate steps should be taken to 
relieve him of the measurement of it. The difficulty of obtaining 
any assistance from zemindars to clear jungle land, is quite sufli- 
cient excuse for the Ameen to make, and it is generally set forth 
pretty strongly, and not without justice. On the other hand, 
where merely small patches of waste are scattered about a village 
circuit, intervening with the cultivated parts, they should invari- 
ably be included in the Khusrah, for the sake of the comparison of 
the total area of the village with the professional, as without this 
check it is most unlikely that the Ameen will be at all cautious, or 
be swayed by a wholesome dread of detection in any malpractices 
he may have in contemplation. 
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A NEW AND IMPROVED MODE OF CONDUCTING THE KHUSRAH. 


Havine given the usual mode of native measurements as carried. 
on. throughout the North-Western Provinces and Bengal, we pro- 
ceed to notice an improved and very superior system introduced of 
late years in some of the Eastern Districts, and which, for accuracy 
and general usefulness, far surpasses the rude and antiquated spe- 
cimens which in our own experience we have seen and had good 
cause to deplore. 

It is obvious that a heavy file of papers in the vernacular, con- 
taining the detailed specifications of a village, comprising, perhaps, 
1,000 to 1,500 fields, without a map, or merely a rough ideal sketch 
made without reference to scale and compass, must at the best be 
a doubtful document, and in spite of the strictest Purtall, or check 
in the field, may contain many inaccuracies, and elude the vigilance 
of office examiners. To obviate such doubts and uncertainties, and 
to place this native process of measuring land on a better compa- 
rison with English conceived ideas, the Ameens in the districts of 
Sylhet, Jynteah and Cachar, have been taught the use of the 
compass, and to conduct their measurements, and enter them in 
the field-book in such a way that a bond fide map, by scale and 
protractor may be made from it, not only by themselves, but by 
any other person unacquainted with the field duties, at any subse- 
quent time. ; 

The class of natives usually employed as Ameens in India, are 
proverbially shrewd, intelligent men, and have a good eye for sur- 
veying, and many rise to be practical Surveyors, and use even a 
Theodolite with facility and correctness. The art, therefore, of 
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taking a bearing with the very simple compass which is here 
described is very speedily learnt, and an instrument quite sufficient 
for the purpose may be made up in any bazaar in India for about 
three or four rupees. 

The diagram, page 95, represents an instrument of similar con- 
struction, an open round box made of brass, from 3 to 5 inches in 
diameter, and half an inch deep, with two upright pieces, screwed 
on perpendicularly, and exactly opposite to each other. In the 
centre of the box a pivot of steel, finely pointed, is fixed, on which 
the magnetic needle freely revolves. The needle must be made of 
steel, the north end being well ‘distinguished by an arrow, and a 
small brass cap of a conical form (agates not being procurable) in 
the centre, to rest on the pivot. Inside the compass box a slight 
ledge is necessary to hold the glass, over which a thin ring of 
brass, removable at pleasure, fits tightly, to secure it from falling 
off. Underneath the compass box a common socket of about an 
inch long is fixed, for fitting on to the tripod stand, on the top of 
which it must turn freely, with a small clamp screw to prevent the 
instrument falling off when carried from one station to another. 

A paper dial, divided into degrees from 1° ta 360°, which is 
easily constructed with a common protractor, with the figures 
marked in the vernacular character, is fixed to the bottom of the 
compass box, care being taken to make the division of 360° coin- 
cide exactly with the hair sight vane, and consequently 180° with 
the eye vane. The degrees must be numbered round the circle 
from zero towards the left, and the cardinal points inverted, the 
result of which is, that, in turning the compass in any direction, 
the figures underneath the north end of the needle indicate the 
correct: magnetic bearing of the object, and the observer has only 
to read off. 

The needle must be properly magnetised, for which purpose a 
common horseshoe magnet, which may be procurable in Calcutta 
for a few rupees, ought to be provided by the Surveyor, and this 
will enable him to keep as many needles as he likes in good order, 
care, however, should be taken never to entrust this magnet in the 
hands of a Native, who, being unacquainted with its properties, 
would be sure to employ the negative and positive points to the 
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wrong end of the needle, and thus render the compass unfit for all. 
practical purposes, and likewise injure the magnet.* 

A simple tripod stand of any seasoned wood is also easily made 
up by any bazaar carpenter. The circular pieces of glass to fit 
over the compass box, may be difficult sometimes to obtain, gla- 
ziers and diamonds not being plentiful in India, but by sending a 
paper pattern to the nearest large town or city, a supply can gene- 
rally be found, and spare glasses should always be kept ready to 
replace breakages.t 

It must not, however, be imagined that this roughly-constructed 
instrument above described is the best that can be found, or that 
by proper application through the Government authorities, better 
ones are not to be had. In the Government instrument-maker's 
department in Calcutta, the best workmanship and best materials 
are procurable, and surveying compasses are made up, fit for this 
purpose, equal to any that come from England. These, however, 
are expensive articles, and where such numbers are required, 
economy should be considered. It is, moreover, the object of these 
pages to show the readiest and easiest practical method of turning 
the means at ‘hand to the best account. Surveyors should never be 
at a loss for an expedient, and situated as they are frequently, and 
indeed generally, in unknown parts of this vast empire, an inge- 
nious mind, ever ready to meke shift with such advantages as 
present themselves, will be the surest road to success. 

Being provided with a compass of this simple construction, and 
having learnt the manner of reading off and taking bearings, the 


» 

* On the first introduction of this gystem, the compasses were nothing more than 
mere blocks of wood, hollowed out to reserve the needle with brass uprights for sights, 
and these rough instruments costing a mere trifle (less than a rupee), did effectual ser- 
vice for some time, until they were superseded by the brass and more durable ones 
above descnbed 

¢ Avery mmple expedient for cutting glass, though perbaps but httle known, may 
here be recorded with advantage. By taking any piece of glass, such as a broken pane 
out of a window! and a pair of good med scissors, and placing both hands well under 
cold water, n a large chil/umchee or brass basin, the glass may be cut round and round 
untal the proper size 1s obtamed. The only care that 1s requimte, 1s to keep both the 
glass and the scissors completely under the water, and to clip the glass very gradually, 
80 as not to cut off too large a piece at a time In this way many compasses have 
been rendered serviceable out in the jungles, and Ameens kept at their work, when 
otherwise delay and inconvenience must haye arisen. 
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Ameen commences to measure the exterior fields of the village, that 
is, all the fields extending round the boundary—as shown in the 
accompanying map, Plate XV. For each field two bearings are 
taken, one for the length and another for the breadth, with occa- 
sionally a diagonal observation for the better connecting link 
between the several fields, and to*ensure greater accuracy in the 
mapping, and also to enable the obgerver to take all this bearings 
from one station. In the Khusrah Field-book separate columns are 
given for this “station bearing” and “ distance,” as it is called, by 
which means it is not confused with the quantities required as 
multipliers for the contents of a fiéld. Tha bearings are inserted 
in the following form, which only. differs’ slightly from the form 
before given at page 522. : 

For the boundary work, columns 11-and 12, as well as 7 and 9, 
are therefore merely required for tle due -protraction of the fields 
on the map, whilst 8 and 10, in addition to their use for this pur- 
pose, are alone required for the area of .the fields to give the con- 
tents for column 18. For the record of the measurement of tho 
fields in the interior of the circuit, cdlumns 7, 9,'T1 and 12, are 
entirely omitted, the fields being Pa together from tipir respective 
linear values. 

In the usual method of measurement, each field is m¢rely recorded 
as lying to the North, South, East ar Wst of the preceding ones, 
and frequently even this is omitted, but this is not sufficient to 
ensure a large number of fields plotting accurately within a circuit 
laid down by compass. Although the fields are for fhe most part 
rectangular, still they are to be found of Various admeasurements, 
and to enable the map to be made*by any other person than the 
Ameen himself, who possesses a local knowledge of the disposition 
of the fields, and sketches them in on his map at the time, it is 
essential to have a defined starting point for the measurement of 
each field : thus it is ragorded in the 
Khusrah that field No. 2, com- 
mences from the South-West corner 
of No. 1, and No. 3; from the 
No. 2. North-East corner of No. 2, and in 

this axnraasion of thé borner starting 
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point, lies the whole secret of the 

system. If this is not observed, 

the relative position of Nos. 1 and 

2 fields may be inverted as shown 

No. 2 in the diagram, and the whole dis- 

position of the fields of the entire 

village thrown out; in fact, the Khusrah Field-book defies all 
attempts to reduce it to an intelligible map. 

The circuit having thus been effected, all the interior fields 
are laid down merely with the rod or rope in the usual way, but 
still preserving the corner system, without any further aid from 
the compass, and by plotting the circuit of exterior fields accord- 
ing to their magnetic bearings, the interior details are found to fit 
in very accurately indeed. The first or rough plot of course 
will always show defects, but all errors are thus recorded on the 
first protraction, as in Plate XV., and brought to the Ameen’s 
notice, and after he has put them to rights by re-investigation in 
the field and filed his answer, the necessary corrections are made 
on the map, which will then bear the closest comparison with 
the professional one, as regards the inflections of the boundary, 
the distribution of details of cultivation, waste, nullahs and roads, 
&c., as well as area; and it is by these means that a Surveyor 
is enabled to check with the utmost nicety all inaccuracies in the 
Khusrah measurement, and at the same time satisfy himself 
that the large mass of vernacular papers brought in by his 
Ameens are trustworthy, and bond fide contain what they pretend 
to do. 

It must not be supposed that the Ameen is able to make the 
bearings of large village circuits close without error by such means, 
the enormous number of observations, to say nothing of the very 
roughly constructed compass, and rude measuring implements, 
forbid this. The village is subdivided into convenient small cir- 
cuits of 150 to 200 acres, round each of which the bearings are 
taken, and thus the error in filling in the very large number 
of fields, is diminished and compressed within reasonable 
limits. 
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One very desirable object in this method is to place the Khusrah 
Field-book in such a form, that any other person, who may have 
had no local knowledge and no intercourse with the Ameens, is 
capable of protracting the fields and constructing the map, by 
which every inaccuracy in the Field-book is brought to light and 
corrected. Thus not only the bearings of each circuit and the 
several linear measurements are tested, but many other discrepan- 
cies regarding quality, area, possession, &c. are prominently brought 
to notice and at once rectified. 

The circuit and the fields in the interior of the circuit must be 
protracted separately in the first instance, as from inaccuracies of 
the circuit bearings and various other defects of measurement and 
notation of the cardinal points in the Khusrah Field-book they 
cannot be expected to fit in precisely, but after all the defects both 
of circuit and interior field measurement have been adjusted, the 
fair map is then put together. A proportional scale, 3 or 4 times 
larger than that used for the professional maps, is employed, either 
of 12 or 16 inches to the mile, (equal to 5 chains to the inch,) 
which is large enough to show the smallest holdings. The Plate 
XV. exhibits the precise method of constructing this Khusrah 
map, and the explanatory notes thereon account for each step in 
the work. The map when completed has the several items of 
waste, nullahs, roads, village site, &c., colored, and shows the limits 
and extent of each interlaced and separate mehal. It then bears 
a perfect resemblance to the map of the Professional Survey with 
which it is compared, and identified in all its particulars, and by 
means of a pair of proportional compasses, the most satisfactory 
check is established, and no doubt can then exist of the true boun- 
dary having been adopted by both parties. By the same means 
also, the interior details may be taken from the Khusrah map, and 
reduced on to the professional one with sufficient accuracy; and 
thus save a very considerable expense for carrying on this part of 
the work by professional means. 

The fair colored Khusrah map may either be attached to the 
Field-book, or formed up into Pergunnahwarry volumes, for better 
preservation, and then made over to the Civil Authority, and by 
the aid of such records, not only is a settlement effected with great 
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facility and convenience, but subsequent suits in the Civil Courts 
are rendered at once intelligible and easy of adjustment. In fact, 
in a country where the settlement is made ryutwarry, it is difficult 
to understand how the assessment can be fairly levied, and the 
rights of the numberless cultivators preserved, without something 
of this kind. 

The expense of this method of Khusrah must next be considered. 
The work is done by contract, and the rates are nearly the same, as 
in other districts, varying from 2 rupees 8 annas to 2 rupees 12 
annas per 100 acres for cultivated land, and 12 annas to 1 rupee 
for the same quantity of waste, and when the extra labor of the 
system, and the very small size of the tenures in the Bengal 
districts is considered, this remuneration must be acknowledged to 
be very inadequate. The only difference consists in the salaries of 
the “‘ Nucksha Nuvees ” or mappers, who are employed in the Office 
and receive from 10 to 20 rupees per mensem, but with this extra 
expense, the general average of the Khusrah work thus performed 
in Jynteah and Sylhet, as exhibited in the Table in page 534, forms 
a very good comparison with the 15 districts therein enumerated ; 
in fact, the cost is lower than 6 of these districts, in none of which 
do the Civil Authorities possess any authentic Khusrah map, beyond 
the common rough sketch made by the Ameen himself in the field, 
and who in so doing, of course, takes care to make up his map, 
whether his Field-book is right or wrong. 

The expense of the “ Nucksha Nuvees” also is balanced in a 
great measure by the duties they perform as Purtallers, and the 
good and efficient aid they render in this way, more than compen- 
sates the amount of their salaries. A practised Nucksha Nuvees 
will protract 150 fields in a day, and this quantity has generally 
been done where the holdings were particularly intricate and small, 
but with inexperienced hands and beginners 100 fields is as much 
as can reasonably be expected per diem. 

The great difficulty in placing this system on an efficient footing, 
is the procurement of qualified Ameens and Nucksha Nuvees. But 
Ameens who are expert, as the generality of them undoubtedly are, 
and have been shown to be capable of producing eye-sketches of 
their measurements with wonderful accuracy and approach to the 
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identical shapo of the village, may soon be taught. The most in- 
telligent Ameens should be first instructed in the use of the com- 
pass, and to construct his own map on any given scale. After a 
few good men become expert (and which they soon will do if the 
Surveyor personally labors in their behalf, and is not above teaching 
them himself,) others may be placed under them, and thus in a 
single season, by a little judicious management, a very fair begin- 
ning may be made. If each district Surveyor obtained the services 
of even one experienced Nucksha Nuvee, the method would soon 
be introduced, and made perfectly intelligible to the understandings 
of Ameens of the commonest calibre. The adoption of the system 
on all the surveys in Bengal, it is believed, is now insisted on by 
the authorities. 

Regarding the advantages of this system of Khusrah, no reason- 
able doubt can be entertained, combining as it does every property 
of the old zemindary method, with the addition of a little English 
science, by which a nearer approach to accuracy is attainable, and 
deception and fraud detected. The rudest people of a district can 
easily understand the Ameen’s proceedings and accompany him, 
for the purpose of taking a copy of the measurement of the fields, 
even if the addition of the bearing be unintelligible. In Jynteah 
and Cachar, where it was first introduced, the inhabitants were 
alike unused to British rule or customs, but in no instance was the 
progress of the Ameens interrupted by violence or pretended dis- 
like to the operations. 

These advantages may be summed up in the following 
manner :— 

Ist. The admirable check and comparison afforded and conse- 
quent superior accuracy of the work. 

2nd. The ability of any second or third party ignorant of the 
locality, and without connivance with the measuring Ameen, or 
help of any sketch or map, to produce a fair protraction from the 
misl or file. 

8rd. The thorough insight thereby given to the voluminous 
Khusrah misl, and immediate detection of all errors, clerical or 
venal. 
4th. The great benefit to the Surveyor or Superintending 
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Officer, who thus obtains the utmost confidence in his work, and is 
saved infinite trouble, annoyance and doubt. 

5th. The value to the Government in possessing a really useful 
and permanent record, combining the qualities of the professional 
map, with the addition of the minutest detailed specifications of 
property in the village, fit for every purpose both fiscal and 
judicial. 

6th. Its comparatively inexpensive cost when viewed with the 
lasting value of its results. 

The great desideratum of a superior method of Khusrah than 
what is at present carried on in most districts, cannot be too strongly 
impressed on the notice of Surveyors. The benefit to the State, as 
well as the great comfort to himself in having a fair and intelligible 
measurement record, which can be rendered useful hereafter and 
amenable to scrutiny and check at the time, must be obvious to any 
person who has had experience in such matters. In Bengal, espe- 
cially, where it is almost an impossibility to show the different 
estates on the maps of the Professional Survey, it is absolutely 
essential to produce Khusrah maps on such an extended scale, as 
we have above described, which will delineate every estate on the 
rent roll, however intermixed or confused. The system that we are 
advocating, is the only one applicable for such purposes ; it is at 
once efficient and economeeal, and is eminently calculated to effect 
every object, if properly conducted. It also affords the readiest 
means of carrying out the provisions of Act No. IX. of 1847, 
“regarding the Assessment of Lands gained from the Sea or from 
Rwers by alluvion or derehction within the Provmees of Bengal, Behar 
and Orwwsa*. 

It may be remarked, that if this system is so superior and trust- 
worthy, the fact of its wider diffusion not having extended to other 
districts, is a matter of surprise. This must undoubtedly be 


* Clause 3 “ And 1 1s hereby enacted, that within the said Provinces 1t shall be 
lawful for the Government of Bengal im all districts or parts of districts of which a 
Revenue Survey may have been or may hereafter be completed and approved by Govern- 
ment, to direct from tame to time, whenever ten years from the approval of any such 
survey shall have expired, a new survey of lands on the Banks of Rivers and on the 
shores of the sea, in order to ascertain the changes that may have taken place mnce the 
date of the last previous survey, and to cause new maps to be made according to such 
new survey.” 
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acknowledged, and it is to be regretted that improvements in the 
Khusrah have not been long ere this introduced into every survey. 
The principle here spoken of has been made no secret on the part 
of those engaged in its practical application. In some Revenue 
Surveys the Khusrah is too apt to be regarded as a secondary and. 
unimportant branch, and all improvements and innovations require 
great energy and. perseverance, as well as other persuasive and con- 
ciliatory qualities on the part of the Surveyor, whose time and 
attention is well occupied by the scientific portion of his duties. 
It should, however, be remembered that the Khusrah forms the 
basis of all the revenue proceedings, and which alone the local 
authorities bring into practical use, and that the result is satisfactory 
and creditable to the parties employed, in proportion as the people 
of a district enter into their agreements, and pay up regularly the 
jamma assessed. A good settlement, made without much complaint 
and opposition on the part of landowners, assuredly reflects great 
credit on a Surveyor, who will thus obtain his reward for any 
trouble or pains the Khusrah may have cost him. 
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Tue Loca, Lanp MEAsuREs, AND MODE OF REDUCING 
LINEAR INTO SquaRE Mzasvre. 


Tx calculation of the true land or square measure of the District, 
should be made with the greatest care, and too much precaution 
cannot be observed, in personally comparing the standard cubit or 
hath, usually given by the Collector of a District. On the relative 
value of the beegah with the British Acre, depends the subsequent 
confirmation or rejection of all the Native measurements; therefore 
unless accurate Tables are formed at the commencement of opera- 
tions, the utmost confusion in carrying on the office duties is likely 
to arise. It will then be the first duty of the Surveyor to apply for 
the standard eubit, gus, luggee, hath, jurreeb, russee, rod, chain, or 
whatever may be the name of the linear measuring implement in 
use, and ascertain what number of such lengths constitute the side 
of a beegah. The value of the local standard, if such a thing exists, 
after being very carefully measured several times over, must be re- 
corded in British feet and inches; with these two data the number 
of square yards in a beegah is deduced, and from thence the number 
of acres, roods, poles, &c. This having once been established, two 
Tables should immediately be drawn out, one of beegahs converted 
into acres, and the other of acres into beegahs. These will save an 
infinity of trouble, and indeed are absolutely indispensable for the 
reaCy understanding of both Europeans and Natives in a Survey 
Office, and to prevent error in frequently comparing the areas of 
the two operations. 

Supposing the length of a rod furnished by the Collector of a 
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District to be 25 feet, 1°92 inches, as ascertained by repeated trials, 
and the beegah to be a rectangle whose sides are 28 and 12 of these 
rods respectively, we shall then have 28 X 12 == 336 square rods 
in a beegah, and 25 feet 1-92 inches X 12 =:301°92, which squared, 
gives 91155-7864 square inches in one rod. This multiplied by 
336, the number of square rods in a beegah, gives 30628344:2304, 
the number of square inches in a beegah, which divided by 1296, 
the number of square inches in a square yard, gives 23632-9816 
square yards or 4°8828 acres equal to 4 acres, 3 roods, 21 poles, 8 
yards. Again, if the russee is found to be 80 yards exactly, and 
the beegah side is one russee, then the beegah will be 80 x 80 


sq yds acre sq yds acres, 
equals 6400 square yards, and if 4840 : 1 3: 6400 : 1°3223814 
acre. R. P Bq yds. 


acres. 

the value of the beegah is therefore 1°322314 or 1 1 11 27-60. 

In the North-Western Provinces, the beegah does not vary much, 
the Agra beegah of 2756} square yards, the beegah side of 52 yards, 
1 foot, 6 inches, is common to many other districts such as Muttra, 
Allyghur, Mynpooree, Etawah, Furruckabad, &c. The Delhi Province 
beegah contains 3025 square yards, or five eighths of an acre (Sroods5 
perches) of thestandard Z/ahy guz assumed at 33 inches, the beegah side 
being 60 guz or 165 feet or 55 yards, and thisisalso common tothe Um- 
balla, Khytul, Loodhianah and Ferozepore Districts, the Jullundur 
Dooab, as wellasto the greater part of Behar. The best information ex- 
tant on thissubjectfrom Prinsep’s Useful Tables, is given in thenotes*, 


* The Ilahy guz of AxBeR was intended to supersedo the multiphcity of measures in 
use in the 16th century, and m a great degree 1¢ still maintams sts position as the 
standard of the Upper Provinces In general, however, different measures are employed 
in each trade, and the cloth merchant in particular has a distinct guz of husown Thus 
the cloth guz has assimilated in many places to two haths, or one yard, and the frequent 
employment of Engheh tape-measure, as well as carpenter’s two-feet rules, will ero long 
confirm the adoption of the Britash standard to the exclusion of the native system, for 
the hnear measure of articles in the bazaar. 

The true lengths of the I/ahy guz became a subject of zealous investigation by Mr. 
Newnwam, Collector of Furukhabad, and Major Hopeson, Surveyor General, in the 
year 1824, during the progress of the Great Revenue Survey of the Western Provinces, 
when 1t was found to be the basis of all the records of land measurements and rents of 
Upper India —As might have been expected, no data could be found for fixmng the 
standard of Axnrr with perfect accuracy, but every comparison concurred in placing 
it between the limits of 30 and 35 English inches, and the great majority of actual 
measures of land m Rohilkhund, Delhi, Agra, &c brought it nearly to an average of 83 
inches Mr. Duncan, in the Settlement of the Benares Province in 17965, had assumed 
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but from all we are able to gather, we incline to the belief that the 
general standard spoken of by Prinsep, was never regularly intro- 


33°6 inches to the Tlahy guz, on the authority, it may be presumed, of standards in 
existence in the city, making the beegah = 3136 aq. yards. 

The results of the different modes of determination resorted to in 1824-65, so charac- 
teristic of the rude but ingenious contrivances of the natives, are curious and worthy of 
being recorded. Major Hopcson made the length of the Dahy gus 


Inches 
From the average measurement of 76 men’s fingers’ breadths, .. ......:. = 81.65 
From the average size of the marble slabs in the pavement of the Taj at 
Agra, (said to be each a Shahyehany gus of 42 fingers?) ...... seking = 83.58 
From the side of the reservoir at the same place, called 24 guz .... . +. == 82.64 
From the circuit of the whole terrace, 5382 guz*® . ... 9 .ceee s+ «oe == 85°80 
Mr. Nzewnuaw, from the average size of 14 char- ee supposed to be 
each one finger’s breadth, makesit .. ... is aa Waracataceet ». == 2920 
From the testumony of inhabitants of Furukhabed nea sis = 31.60 
From statement in the Ayeen Akbery, of the weight of the eubio gus of 72 
kinds of tamber, (this would require a knowledge of the weights,) .. 
Mr, Hatuep, from average measurement of 246 barley corns ase: = 81.84 
From } sum of diameters of 40 Munsooree pice, .....0600 ¢ + ssvee « oe == 8202 
From } of 4 human cubits measured on a string ..... .ssesscsceeees . = 88370 


From average of copper wires returned by Tehseeldars of Moradabad as 

counterparts of the actual measures from which their beegahs were formed = 33 50 
Mr, Duncan, as above noticed, assumed the Dlahy guz at Benares ..... == 33.60 
In Bareilly, Boolunshuhr, Agra, as in the following table, itis . . . os» == 82 60 

It is natural to suppose that the guz adopted for measuring the land should vary on 
the side of excess, and probably all the above, thus derived, are toolong The Western 
Revenue Board, thinking s0 many discrepancies irreconcileable, suggested, that the 
settlements should everywhere be made in the local beegah, the Surveyors merely 
noting the actual value of the Ilahy gue m each ollage, and entering the measurement 
also in acres, but the Government wisely determined rather to select a general standard, 
which should meet as far as possible the existing circumstances of the country. Thus 
the further prosecution of the theoretical question was abandoned, and an arbitrary 
value of the Thy gue was assumed at 33 mches, which was 1n 1825-6 ordered to be in- 
troduced in all the Revenue Survey records, with a note of the local variation therefrom 
on the village maps, as well as a memorandum of the measure in English acres. Mr. 
Sec. Macxunzre thus describes the convenience which the adoption of this standard 
(sanctioned at first only as an experiment and liable to reconsideration) would afford in 
comparisons with English measures. 

“Taking the sureed (side of the square Jeegah) at 60 guntehs, or 60 gus, the deegah will 
be 8600 square guz, or 3025 square yards, or five-eighths of an English acre (3 roods, 5 
perches). The jureed will be equal to & chains of 11 yards, each cham bemg 4 guntehe. 
In those places where the yureed is assumed at 64 guz square, it would equal 43 chains, 
giving 24503 square yards (or 2 roods, 10 perches.) In either case the conversion from 
one to another would be simple, and the connection between the operations of the Sur- 
veyors and the measurements of the Revenue Officers would be eamly perce1y 

This convenient beegah of 3600 square Dahy guz, or 3025 square yards, or five-eighths 
of an acre, may be now called the standard of the Upper Provinces. It 1s estabhshed 
also at Patna, and has been introduced in the settlements of the Sagur and Nerbudda 
territories. 
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duced into the Revenue Survey of the North-Western Provinces. 
In addition to the two beegahs already noticed the Benares and 
Ghazeepore beegah of 3136 sq. yards was actually in use. In 
Bengal, however, the value of the beegah varies in every District, 
frequently in every Pergunnah, and occasionally in every Estate or 
Village within the same Pergunnah. In the “Tables of Land 
Measure, published by order of the Sudder Board of Revenue, 
Lower Provinces, in 1840,” there will be found no less than 218 
different beegahs, or other local measures of various denominations, 
in 88 districts, varying in size from one rood to 50 acres. In the 
single district of Midnapore there are 53 different land measures, 
in Jessore 20, and in Rungpore 15, and in many districts there are 
at least from 6 to 10 different sorts. In the Province of Orissa, the 
number of measuring rods formerly were too numerous to detail, 
but through the interference of the local authorities, one standard 
of 4840 square yards, equal to the British acre, was adopted, on the 
first introduction of survey operations, and carried throughout the 
three Districts of Cuttack, Pooree and Balasore, without opposition 
or dislike on the part of the people. The value of the measuring 
rod or Puddka being 10:4355 feet or 10 feet 553 inches and the 
side of the acre 20 of such rods. 

It would appear that the returns furnished to the Sudder 
Board of Revenue, of the various land measures, are partly 
erroneous in some districts, the survey of which has been com- 
pleted, the beegah actually used differing with the one recorded 
in the Tables. In some of the local offices the standard measure 
is simply a matter of tradition, and when applied for, the Nazir 
of the Court is directed to report on the correct length of the 
hath or luggee—this he does with the utmost simplicity by holding 
up his own arm, pointing from the elbow to the tip of the 
little finger, sometimes adding that as he is a small made man, 
one, two, or four, fingers’ breadth must be added on. The col- 
lector on this gives an order for a rooboocarry to be sent to the 
Surveyor Sahib, to the purport of the standard in use in his 
district being “one hath and four fingers,” and the luggee or 
russee being so many of such lengths. This vague and uncertain 
information, however, should not satisfy a Surveyor. Such data 
CHAPTER V. | 


556 


for such a purpose are manifestly absurd, and yet it is daily in 
practice, in many districts in the Lower Provinces where Ameens 
are sent out ¢o investigate into special cases connected with the 
Civil and Judicial Courts. If a Surveyor is unable to obtain some 
sort of definite length for the standard measure, it should be his 
duty to fix and determine it, in personal communication with the 
Collector of Revenue. In some districts, an iron bar, or rod, is 
lodged in the collectory, indicative of the value of the cubit or 
hath, in which case of course the Surveyor has only to compare 
its length very carefully as before remarked. On the completion 
of a survey, the identical measuring rod or chain should be lodged 
with the Collector of a District, and its exact length fully reported 
on for future reference. It is also most necessary to furnish a copy 
of the Table of Land measure as used in the Survey, and without 
this precaution is taken, the probable chances are that the local 
authorities will adopt some other measure in any subsequent 
investigations which they may have to make in the field, the 
result of which must of course be unfavourable to the records of 
the survey on a comparison being instituted. 

Zemindars and other Village Agents have always a good deal 
of objection to make regarding the length of the measuring rod, 
and are most persevering in their efforts to prove that the one 
about to be brought into use, is too long or too short, or different 
to what the former measurement was conducted with. The object, 
generally, is to make the beegah larger than it ought to be, when 
in the event of assessment the Government Revenue may fall 
lighter. 

The following Tables of some of the chief beegahs in use in the 
Upper and Lower Provinces will prove useful, and exemplify the 
remarks in the previous pages on the subject. From the decimal 
of an acre, the smaller denominations are easily obtained by 
multiplying by 4 and 40, and in the same way with the decimal 
of a beegah, by multiplying by whatever the local land measure 
dictates : 
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The beegah of 3025 square yards prevails also in the Districts 
of Patna, Shahabad, Sarun, Bhaugulpore and Monghyr. The 
beegah of 3136 is in common use, and peculiar to the Benares 
and Ghazeepore district. 
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In Tirhoot and Monghyr the chief prevailing beegahs are of 
4225 square yards and 3600 square yards, and the latter is also 
common in Sarun. 


Prevalent 1n parts of Tur- 
hoot and Monghyr 


















H Bee- Bee- g 4 Bee- | Bee- 4 
: | sahs |igahs | § : 3 | gabs B| 
fs | eat Cae bb a 
1] 11455 1 [os7279f o | 1] 139444 1 | 07488 
F 9] 22910 2 117458 q 2] 2.6888 2 | 14876 
5 83 | 34365 8 | 26187 z 3{ 40332 3 | 22314 
4} 45820 4 |3 4916 4} 53776 4 } 29752 
21 6! 57275 5 | 43645 5 | 67220 5 | 87190 
S| 6! 68730 6 | 52974 6 6 | 44628 
7 {| 80185 7 161108 7) 9 4108 7 2066 
8] 91640 8 | 69832 8 | 10 7552 8 | 5 9504 
9 | 10 3095 9 | 78561 9 0996 9 | 6 6942 
10 | 12 4550 |} 10 | 8 7290 10 ; 18 4440 |] 10 | 7-4380 
11 | 126005 || 11 | 95019 11 | 14 7884 |] 11 | 81818 
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In the Eastern part of Bengal the local measure is considerably 
larger, and assumes a variety of denominations. In Arracan, 
Chittagong, Tipperah, Bulloah, Backergunge and part of Mymen- 
sing, the Droon varies from 5 up to 195 acres. In Dacca, Fur- 
reedpore, Jessore, Pubna and Rajeshye, the Khada is the pre- 
vailing measure, running from 4 to 21 acres. In Assam and part of 
Mymensing, the Poorah ranges from 1} in the former to 25 acres in 
the latter district. In Sylhet, Jynteah and Cachar, the Koolbah is 
the known measure differing between 3 and 5 acres. The Cachar 
koolbah equals 23318°89 square yards, that in Jynteah 23633 
square yards, and for Sylhet the following Table is given, the 
length of the measuring nui? or rod being 21 feet 8% inches, and 
the koolbah sides 28 and 12 of such nulls: 
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For the ready conversion of beegahs of any number of square 
yards whatever, into corresponding acres, the following Table will 
be found useful : 
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Table for finding a Multiplier to convert Beegahs, or any other local 
measurement, of any number of Square Yards, into corresponding 
Acres. 
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Rurz.—Take out from the column contaming the Square Yards the nearest number 
to those contamed in the Beegah, opposite which will be found its Multapher, the differ- 
ence wanting to complete the number of Square Yards in the Beegah, will then be taken 
out with 1ts Multiplier and added to the former, and soon, until the actual number of 
Square Yards contamed im the Beegah are extracted. The sum of these will give the 
Multiplier required. 

Norz.—In taking out any number of Square Yards less than 48 40, 1¢ 18 only neces- 
sary to remove the decimal pomt as many places to the left hand im the column of 
Square Yards as the number may be required, removing the points also as many places 
in the column of Multipher. 





EXAMPLE 
Required the Decimal aes for a ia oe 1600 square yards. 
Square Yards ...... ce: aoa he eee eee 1600 
Next nearest in Table “oes eoove «6 « « 159720 +33 
280 -00058 
Sum 33068 


Therefore the beegah of 1,600 square yards equals 33058 of an acre. 
The multiplicity of the local measures in the Lower Provinces 
Benga Stan Standard and the excessive confusion and inconvenience 
felt thereby, has at last however produced its own 
cure. When an evil is at its zenith, there is some hope of amend- 
ment; by a Circular Order of the Sudder Board of Revenue, 
dated the 23rd November, 1849, the whole system has been broken 
down, and one uniform value given to the beegah for all the 
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districts subject to the Board’s jurisdiction, and to be used in all 
measurements carried on for the future, unde? their superinten- 
dence. The standard adopted is that of the puckha Calcutta 
beegah, of 14,400 square feet, or 1600 square yards. The acre 
therefore is equivalent to 3:025 of such beegahs. It is not appa- 
rent on what principle or investigation this beegah has been 
assumed, differing so greatly as it does with all the local measures 
in Bengal Proper, as before shewn; and it is to be regretted that 
whilst so great an innovation was in contemplation, either the 
British acre of 4840 square yards was not at once introduced, as 
was the case in Orissa, or a beegah bearing some simple ratio to it, 
as has been done in the Delhi and other North-western Provinces. 
The standard I/ahy guz of 33 inches being now more widely 
established in British India than any other local measure of length, 
everything possible should be done to extirpate the use of 
other measures not easily comparable with it; and all local 
landmeasures should be founded on some simple multiple of this 
standard, such as the Gunter’s chain, which is the basis of the 
acre: no round number of yards can be introduced into such a 
system without retaining the inconvenient number 11 as a mul- 
tiplier or divisor. 

The yard therefore ought to be wholly discarded from our Indian 
system of measures, and everything referred to the Ilahy guz of 33 
inches, or some multiple or submultiple of it, such as a hath of 16 
inches. Any beegah founded on either of these measures may be 
readily compared with the Gunter’s chain of 66 feet, and through 
it with the English acre. It would have been preferable to this to 
have established the Bengal beegah, so that one acre might be 
equivalent to 3 beegahs, rather than 3-025 beegahs, although a 
square beegah of this value cannot be obtained. The hath of 163 
inches which may be the basis of this beegah, and of its subdivi- 
sions the cottah and chittack, is half the Tlahy guz; and the two 
beegahs of Delhi and Bengal would be so easily comparable with 
each other, as to facilitate the process of adopting hereafter some 
land measure that would include both, if that should be thought 
desirable. But it is of far less importance that the /and measures 
of two distant countries should be identical, than the measures of 
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length should be so. . An uniform standard, whatever its size, is 
however of the greatest possible advantage and utility, and cannot 
be too highly appreciated. 

The new beegah side is exactly 120 feet, or 80 haths, which 
squared, gives 14,400 fect or 1,600 square yards. The following 
will therefore be the relative values of the beegah and acre 
respectively. 


The Bengai Standard Beegah 
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Of the lower denominations, 20 cottahs make one beegah, and 
16 chittacks make one cottah; additional Tables for the conversion 
of roods and perches into cottahs and chittacks will be found in the 
Appendix, being too bulky for this place. 

To adapt a convenient scale for this beegah, which shall be pro- 

Khusrah and Thak- portional with the one used for the Professional 
bust Beale. Survey, take the following : 


Professional scale of 4 ches = 1 mile = 80 Gunter's chains 
and 1 inch, or 20 chains = 1820 feet 


Russee Haths Feet 
Then i= 80 = 129 
and iS 1820 


therefore 11 russees are equivalent to 1 inch or 20 Gunter’s chains 
on the same scale, and by increasing the scale 4 times 11 russees 
= 4 inches. By dividing 4 inches therefore into 11 equal parts, 
each will be equal to a russee or beegah side of 120 feet, and the 
quarter of such division or 30 feet, will represent the chains actu- 
ally employed, two of which squared or 60 feet x 60 feet equal 
8600 feet or 5 cottahs. This scale will therefore be 330 feet or 22 
beegahs to the inch, or 16 inches to the mile. The Khusrah mea- 
surements performed with such chains, and protracted on such a 
scale, will bear precisely the ratio of 4 to 1, to the Professional maps. 
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The Ortnocrarny or Native Names—Generat Statistics — 
GrocraPHicaAL, REVENUE AND AGRICULTURAL REpoRTS. 


OnE of the most difficult subjects with which Europeans in this 
country have to deal, is the intelligible conversion of the vernacular 
into the English character, and it will be readily admitted, that 
Surveyors of all persons must be the most interested and concerned 
in following such a good system, that any person knowing the ori- 
ginal and the substituted character, should be able to convert the 
one into the other without difficulty, and that the names of places 
so romanized on the geographical maps of the country should be at 
once recognizable and familiar to the ear. In a work like this, it 
may be expected that some fixed rules should be laid down for the 
guidance of the department, but any fixed system, is easier to pro- 
pose than to find followers for. As regards spelling, some people 
are quite incorrigible, we shall endeavour however to place on 
record the prevailing methods heretofore existing in the great Tri- 
gonometrical as well as Revenue Surveys, together with such 
remarks on other systems as appear to be called for. 

Sir Wm. Jones’s method is at once elegant and phonical, and 
has found complete acceptance with learned and scientific men, 
it is therefore, with some slight modification, in use in the Great 
Trigonometrical Survey of India. The rules followed in this 
department are very simple and may be thus stated : 

Rules for the ortho- Jat. All vowels have the Italian sound, as 
graphy of native names. in Sir Wm. Jones’s rule; no others to be used. 
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2nd. The semi-vowels to be used only as consonants, such as Y 
in Yaholi. 

drd, All consonants have their ordinary sound, but express the 
harsh sound of C by K and the soft sound by S whereby C, as an 
independent letter, becomes expunged. 

4th. Express the soft sound of G universally by J, reserving the 
former of these letters in all cases to denote the harsh sound only. 

Sth. Dispense with the reduplication of consonants, as much as 
possible, because long words are an evil on maps. 

6th. Drop superfluous letters of all kinds wherever they are so 
weak as to make it a matter of doubt whether they ought to be 
pronounced or not. Example Hydrabad, Sikandrabad, &c. wherein 
some persons introduce a short vowel between the d and r, and 
others do not. 

7th. The old established orthography of historical names should 
not be interfered with, as they have become settled and familiar by 
long use, and it would be pedantic and presumptuous to alter them, 
and the same idea would not be conveyed. Thus write Meerut not 
Murat, Hydrabad not Harderabad, or Huederabad (according to 
Gilchrist,) Beder not Bidar, Calcutta not Kalkata, Captain not 
Kaptan, Cawnpoor not Kanpir, Allahabad, &c. 

8th. Double consonants should never be used when single 
ones will answer, thus PA instead of F'is not advisable, as in Filaor 
not Piuilore, neither Ch instead of K, although there is Italian 
authority for the latter. 

This method is doubtless a phonical one, well adapted for general 
use, and scientific men will not agree to any deviation from Sir 
Wm. Jones; but, however learned Surveyors may be, the persons 
into whose hands their maps fall, may be very ignorant Englishmen, 
and it is extremely doubtful whether such a mode of pronuncia- 
tion is intelligible to people of ordinary capacity and common 
sense ideas. 

The difference between the foreign and English sound of the 
vowels ~ and 4, is most like to lead to confusion with strangers, 
and to prevent all possible mistakes the 00 should stand for the 
Italian «, and ee for the Italian #, retaining the latter for diph- 
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thongs only—such a compromise would certainly enable the 


generality of people to pronounce better.* 

* In addition to this, there 1s Dr. Duff’s modification of the Jones's system as now 
established and finally approved of by the Committee of the Calcutta Buble Society as laid 
down in a pamphlet on the ‘Progress and Present State of the Romanizing System ” 
After a most careful investigation, the following romanized Urdu Alphabet was agreed 
upon and imtroduced with theso remarks. 

‘The Committee of the Bible Society having thus furnished the most decistve proof 
of its earnest desire to consult the wishes and yield the utmost posmble deference to the 
conscientious opinions of individual Mismonanies throughout the country, 1¢1s fondly to 
be hoped that the standard of romanizing now fixed by the majority will be gladly 
hailed, embraced, and practically exemplified by all, It 1s fondly to be hoped that for 
the sake of that general uniformity which is so truly demrable and so absolutely indis 
pensable to ful? success, every one will be cheerfully disposed to sacrifice any little par- 
tralsty or pecuharsty of opmion, which may be the offspring of isolated or individual 
munds.”” 


The Hindustani Alphabet tn the Roman Character. 
A B Bh P Ph T Th T Th S J Jh Ch Chh H 
a b bh p ph t th t th s j jh ch chh h 


beoeyrertéorw ee ereere 
Kh DDhD. Dh2Z2RRRZAS S&S ZTZA 
kh d dh d dh 2 r r rh 2 zhs sh 8 zt za 
co MIMD 9 YF Mj S wee Sb be 
GFQkK KhGGhLMNNVWHY 


gf qk kh gghlmnnoavwhy 
esuS SES purrs AE 


Vowels. 
a, 4, 1, 1, u, G, e, al, 0, au 
P é 


Pp 
ul 39 SS 9 9 


\ | 


ra short, a,1,u; long 41, 4 
e B Or g. 
In the Revenue Survey Department, Gilchrist’s method has 


generally been employed, although no definite rules appear to 
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have been laid down on this important subject. Like any other 
system whatever, if rigidly carried out it is intelligible enough to 
those who have learned and practised it, but it has never found 
acceptance with the learned or scientific. It looks ugly and 
adopts all the bad pronunciation of English. No other nation, 
but the English, ever give u the short sound of but. This is a 
fundamental assumption of Gilchrist’s, and ruins the whole of his 
system, the chicf merit of which is, the undeviating tenacity with 
which he adheres to it under all difficulties. 

In the directions for Settlement Officers, promulgated under the 
authority of the Honourable the Licutenant Governor North- 
Western Provinces, there is another alphabet proposed to be used 
in the conversion of names from the languages of the country 
into English. Transposing from one language to another by 
this method is easy, and it is particularly well adapted for the 
services, and having gained some footing, and being recognised 
by all the Settlement aud other Revenue Officers, the Surveyors 
who have to follow their steps, and depend on their inquirios, are 
obliged in a great measure to resort to the same phraseology, and 
hence the more scientific, but more difficult system of Jones, has 
never been followed by this branch of the Survey of India 

The following is the alphabet exemplified : 


Alphabet proposed to be used an the conversion of names from the 
languages of the Country wto English. 


1 A. a .... Atmanugur.... ..... ST T 
Ahunpoor,.........0. 
“Ahunpoor .......... 

2 B. b. .... Bareepoor ......6.. q i 

3 BH. bh,.... Bhooaneepoor...... a dp 

4 CH.CHH. — ch, ch,h. Chichura............ YG &e, c 
Chhipagurh,......... 

5 D. d. .... Dik Bazar .......-.. BE 43 
Datanugur ......05+: 

6 DH. dh .... Dhurumpoor ........ azé ‘5 
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7 &E. e, vs. Ekeosghur ..........@ 

8 ER. C6. Eeshwurnugur.......- = us ofl 
Eesalpoor Edgurh .... 

9 F. f° Fareedpoor...... ee % 

10 G. g: Gunga Sagur ........ 7 uf 

11 G,H.GH. g,h. gh. Ghur Mookhtesur .... @ af 
Ghazeepoor .......-.. c 

12 H. h. Huveleeshuhur ...... ¥ bade 
Hat,h gaon ....+-0+. : 
Hurjinspoor....-+.... 

13 I. é. .... Iradutgunge ........ oP gy 

' Indurguth sss.ss.0es c 

*Tlum bazar. ....e.00. 

14 J. j- ose. Jynugur, Jahilgurh .. W C 

15 JH. job ..+» Sheel, Jharundeh .... @ ves 

16 K. k. .... Kunkerpoor..........8 ws 
Kako Deh ...-..es-. 

17 K,H. KH. 4&,h.kh,. K,hurukpoor ........ q re 
Khalisnugur ae 

18 L. l. Lalgurh ......eceues @ J 

19 M. m. .... Mahinutabad ..... | ° 

20 N. mn. .... Nurayunpoor ........ ASAT, 

21 0. 0. s+. Omedgaon ....5...0. qr ott 
Olanugur : es 

22 00 0.0. 04+ Oondes vseceseceees SH i,t 
Oostadpoor ........0. : 

93 OU. o.u. .. Oushandeh ......... ss 

24 P. p. .+» Peepulgaon .......+-. fe 

25 P,H. ph... Phoolnugur........56 WH ty 

26 Q. gq. ...- Qasimgunj ....+-.... 3 
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27 R.RH. =o nr,h. «. Rungpoor ...-......G, 9,8 5 


Rhotas ....ccevcccces 
28 8. 8 veces DAPECTAM ... 0.002 000e FT er 
Sa*dutgunj ......+ Ta u 
29 SH. 8... .2. Sholapoor........000- 
Shureef bazar ........ 
30 T. t, ..». Tunkhadah ........ a Watyes) 
31 T,H. t,h..... Thanagurh ..,.....+6. bg 
32 U. uw. «e+. Umretpoor .....6.... 8 el 
* Uleepoor, Ullahabad. . 
33 V.W. vw. .. Wustabad ........564, . ; 
Vizeerpoor ..... ieee 
34 Y. y: eg at ices seus 
y ‘shnugur .,...... 
35 Z,ZH. 22h. .. Zeeafutabad...... Swi SbyS 5 


Zalimpoor, &c........ 


The English alphabet having no letter capable of representing 
the ¢ Ain of the Persian, the use of this as contra-distinguished 


from A. KE. I. O. or U. may be indicated by a mark thus * before 
or over the letter.* 


The importance of statistical information is now universally felt 
and acknowledged, and the Revenue Survey De- 
partment, as might be expected, from the peculiar 
facilities at its disposal for the attainment of such information, 
during the progress of Survey operations in every remote part and 
corner of the country, is not behind-hand in rendering good 
and valuable service to this branch of scientific enquiry. The 
attention of Revenue Surveyors is particularly and urgently 
directed to this point by the Circular Orders of the department, 
and the Annual Returns are not deemed complete without a full 
and succinct account, geographical and statistical, of every per- 


* The question of representing Oriental letters 1s also discussed in the Introduction 
to Wilson’s “Glossary of Judicial and Revenue Terms,” &c. 
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gunnah of the district under survey. The Court of Directors, in 
their despatch, No. 6 of 1846, dated the 3rd June, which has been 
printed and circulated for general guidance, lay particular stress 
on the great practical importance of this duty, and on the advan- 
tage which may be expected from the transmission home of such 
information as to local details, which so many of thar servants 
cannot fail to possess. The heads of information, most desirable 
to be collected, are likewise detailed in this despatch which in- 
cludes also full and particular instructions as to the mode of collect- 
ing the same, and enjoins the most rigid accuracy as to matters 
of fact, without which all statistics would be worse than useless, 
tending only to mislead.* 

In the directions for Settlement Officers, North-Western Pro- 
vinces, para. 41, it is specially noted that the Surveyors are to 
give returns of population, wells, and ploughs, and the mode of 
recording this and other useful information for every village 
coming under survey, is shewn in the register Plate XI. This, 
together with descriptive remarks as to the state of prosperity, 
trade, distribution of the land, &c., furnishes the groundwork for 
the pergunnah statement, and the general district report. In 
unsettled provinces where an assessment follows the survey, and a 
Khusrah measurement is universal, the statistical enquiries are 
pursued by the Ameen and recorded in the Vernacular with his 
Khusrah Field-book, and from the length of time every village 
must be occupied by this Officer for the purpose of prosecuting 
the measurement, the time and means at his disposal, are very con- 
siderable for eliciting the required details. These, however, are 
checked again by the Purtall Ameen and by the Supervising 
Officer in comparison with lists (Kianch Shumareh) demanded and 
obtained from the village authorities, and the investigations of 
Putwarries and others. The Settlement Officer again has numerous 
opportunities for testing these returns at the time of asscssment. 
It may therefore be inferred that the information thus gleaned, 
is as worthy of confidence as could be expected, and no difficulty 


* For some valuable information, useful alike to the Surveyor or Settlement Officer, 
owe a Paper im volume No 164, Journal of the Asiatic Society of Bengal. By James 
Alexander, Esq, B.C § ‘On the Tenures and Fiscal relations of the Owners and 
Occupants of the soil in Bengal, Behar and Onssa ” 

[Parr Iv. 


569 


whatever exists in procuring it, if rightly and fairly sought for on 
the part of the Ameens. The character, however, of these men, 
and the cloak made of the power in their hands to extort money 
from the people, should induce great caution in receiving their 
statements, or of entrusting any additional powers in their hands 
beyond what is absolutely essential. 

In the Bengal and Behar Provinces, where the Khusrah mea- 
surement is only partial, and not more than from 15 to 20 per 
cent. of the villages are visited by the Amcens, the mode of pro- 
secuting statistical enquiries must be through other agency The 
demarcation establishments are here brought into use for this 
purpose, and the assistants, employed in the interior professional 
detail survey, may be made available; and whatever difficulties 
arise, they can alone be overcome by the intelligence, activity, and 
ability of the Officer in charge of the survey. 

The following comprise the heads of information, all or a 
portion of which, may be reported on with advantage; and an- 
nexed is a tabular statement extracted from an actual report made 
by the late talented officer whose name it bears, and which may be 
copied with safety. 

LAND —Geographical position, Extent 
Boundaries, Divisions, Subdivisions 
Climate, Aspect, Superficial configuration, Mountaims, Hills. 
Geological structure, Mines, and Mincrals * 
Forests, jungle, & Plains, soil and productions, modes of cultivation. 
Prices of principal products 
Tenure and occupation, modcs and rates of assessment 
Labor employed and its remuneration. 
WATER —Navigable rivers 
Description, and length of 
How far navigable. 
Ongin and source 
Banks, and soil of bed. 
Vessels employed on them 
Shoals, velocity 
LAKES —Descrption and mtuation 
Height above the sea 
CANALS.—Their purposes 
* Length and depth. 
Vessels employed on them. 
Cost and return on the outlay. 
* Vide Appendix p, lxxix , “ Desiderata for the Museum of Economic Geology of India.” 
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Wells, puckha and kutcha, tanks, &c. 
Means of irrigation. 
CITIES. —Towns and villages. 
Situation and general description. 
Number of houses and whether puckhe or kutcha. 
General caste of inhabitants, 
Remarkable buildings, Temples, Shewallahs, Mundérs, Durgahs or Mosques. 
Public establishments, 
Thannahs, Tuhseeldarees, Moonsiffees, 
Police, Custom, and Salt Chowkees. 
Schools, Churches. 
POPULATION.—Census of people of different caste. 
Agnicultural and Non-Agricultural, Average number per Square Mile. 
Employment. ‘* 
Condition and Physical constitution. 
Health and disease. 
WEALTH.—Education, and method of pursuing it. 
Chantable institutions not educational. 
State of litigation and of crimes. 
Police, number, remuneration and efficiency. 
COMMERCE —Manufactures, 
Capital employed. 
Weights and Measures, Coins. 
Modes of transit and communication. 
By land, high and metalled roads, passes and defiles, kutcha cart roads, 
footpaths. 
By water. 
Impediments and their duration. 
Fords, ferries, and bridges. 
Fisheries. 
Postal arrangements, 
Taxation. 
Sources of revenue and produce of each tax. 
Mode of collection. 
Fairs and markets. 
History and antiquity, facts illustrative of carly or more recent history, and 
changes political or agricultural 
Factories, indigo, sugar, saltpetre, alk, 
Golahs, Salt. 
Agricultural implements. 
AGRICULTURAL INDUSTRY.—Ploughs, domestic animals. 
Cattle, draft and grazing. 
Buffaloes, &c. 
Wild sports. 
Wild animals. 


In the Memoir on the Statistics of the North- Western Provinces, 
compiled under the order of the Honourable the Lieutenant Governor 
and published in 1848, it is stated that the late settlement of those 
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provinces has provided many statistical facts which it has been the 
aim of that Government to bring together and place on record with 
precision, and that in order to create greater confidence in the 
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lpoor, made up to the 1st of October, 1842, by Robert Wroughton, Captain, Revenue Surveyor. 
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average in puckha houses from that in cutcha houses, the average in one pergunnah, 
from that in another , in Mahomedan families from that 1n Hindoo families, or Brahmin 
or Rajpoot families, from that in Chumar or Passee families.” 
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Means of irngation. 
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Number of houses and whether puckha or kutcha. 
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provinces has provided many statistical facts which it has been the 
aim of that Government to bring together and place on record with 
precision, and that in order to create greater confidence in the 
correctness of the revised statistical return, the memoir was 
compiled, so as to place permanently on record the mode in which 
the information was collected, and the authority on which each of 
the facts rests. In this work much valuable instruction is afforded, 
and we have extracted some of the leading rules for a fair enumera- 
tion of the people, or of houses.* The statistical return of the 6 
divisions, comprising 32 districts, gives 322 as the average number 
of persons to the British statute mile, and 1:99 as the number of 
acres to each person. This is a high average population, and it has 
consequently been received with some doubt and suspicion, from 
the comparative statements of other countries. China, universally 
considered one of the most densely populated countries, is only 277 
to the square mile, according to “ Davis’s China” census of 1812, 
and the only European country approaching to this Indian average 
is Belgium, which is 892, on the Geographical mile of 847 acres, 


* Para 14, “In such census it will only be necessary to separate the people into the 
classes mentioned m the Table Separation into males and females, of boys and girls, 
1s useless, because these classes will not be accurately reported, nor will the distinctions 
be untformaly observed ” 

16 ‘All persons who derive their subsistence, m whole or in part, from the land, 
whether in the form of wages or rent, should be shown as cultivators, even though they 
may have other sources of income ” 

16 ‘Any census based on actual enumeration of the people will probably be vexa- 
tious and erroneous. It will be better to rest the calculation on the number of houses 
or families ” 

17 “A house or family must be defined according to its local sgmafication , perhaps 
it may generally be defined asa family living together, mhabiting a distinct part of a 
tenement, or the whole of one or more tenements in the same enclosure ”’ 

18 ‘The number of houses or families beg thus ascertamed, the number of per- 
sons actually remdent 2n a certain number of such houses may be counted, and the 
average may be applied to the whole. The value of the result will depend upon the 
care and the discrimination with which this 1s done ” 

19. ‘The enumeration should take place in those houses or villages where the 
obyect of the process 1s most likely to be understood, and where the co-operation of the 
zemindars and other influential inhabitants can be secured ” 

20. “Distinct averages should be assumed for different classes of the inhabitants. 
Thus the average in cities or towns may be different from what 1t 1s in villages, the 
average in puckha houses from that in cutcha houses, the average m one pergunnah, 
from that m another , in Mahomedan families from that n Hindoo families, oy Brahmin 
or Raypoot families, from that in Chumar or Passee families.” 
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equivalent to 296 on the statute mile of 640 acres, but as stated in 
the memoir “ there is good reason to suppose, that the averages in 
the well-peopled parts of India are higher than in the most populous 
countries of Europe ;” and so it would decidedly appear, not only 
from the results published in this memoir, but from the subsequent 
researches made in Behar and Bengal, as the progress of the 
Revenue Survey advances, all of which tend to keep up a high 
estimate. The insertion here of the population of the North- 
Western districts may serve as a guide, we have therefore extracted 
such columns from the printed return. At the same time, the dis- 
crepancies between the averages of many of the Districts in this 
Statement are still so large as to leave considerable room for further 
doubt, Azimghur, Jounpore, and Ghazeepore being nearly double 
of Allahabad and several other Districts and larger than Agra or 
Delhie. The general average, however, (822 per square mile) is 

21, ‘The returns when given in by the Tuhseeldars should be tested by the Collec- 
tor. This 1s easly effected when the details are given Mouzahwar, for if the 
returns for a few Mouzahs taken indiscriminately are found to be correct, the whole may 
be assumed to be s0 ” 

22 “The following general rules may be found useful m judging of the accuracy of 
returns regardmg population ” 

23. ‘The average number of persons to a house or family 1s between 4 and 6 
From peculiar circumstances, n certain localities, it may fall below or mse above thig 


standard ” 
24 ‘The average number of persons to a square geographical mile of 847 2 acres, 


* Belgium, if. 392 in the chief countries in Europe, 1s given in the 
ate Isics, a margin.* There is good reason to believe that the 
Saxony, . «ss 314 averages in the well-peopled parts of India are higher 
ta bo tees aca than m the most populous countries of Europe ” 

bweden, wi tae wae 22 25 “The number of adult femalesis found to be in 
Ruse Proper, Pats 36 excess of that of adult males, but the number of boys 18 
Europe, = eeeseeee oe 80 much larger than of girls The cause of this, n some 


Taken from the Map of Europe measure 1s, that females are considered to have passed 
oes IY Pe ke fiom geihnad af ax'oasliee ase'thamrmales hom boy: 
ledge hood.” Vide Memoir on Statistics, pages 8 and 9 

Para 3. “The definition of a house or family, and the grounds on which the number 
of souls to a house or family 1s stated, require to be very carefully cxammed, and the 
mode as well as the result of the examination to be fully stated ” 

4. ‘Care does not seem to be generally taken in discriminating between the agnicul- 
tural and non-agricultural classes On referring to para. 15 of the former pmnted Cir- 
cular, you will observe that the members of all familtes who derwe thar support or any 
part of thew income from the cultwatwn of land are to be entered as agricultural, whether 
or not they actually hold the plough or personally conduct the usual agricultural operatwns.’” 

Vede Memor of Statistics, page 14. 
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one-third lower than that taken in 1826 (484 per square mile) and 
commented on in para. 17 of the Court’s Despatch. 


Revised Statistical Return of Area and Population wn the Districts 
of the North-Western Provinces, prepared wn 1848. 
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The following statement, showing the average rate of Population per 
square mile in the North Western Provinces, has been taken from 
the “ Report on the Census” taken on the 1st January, 1858, and 
computed from official documents by G. F. Christian, Esq. The 
result, it will be ebserved, gives a still higher average population per 
square mile than the Table of 1848, beng in the proportion of 
420 to 322 souls. 
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1,9891 | 1,274 | 167,274 | 662,486 | 3842 

Total 8,633 3 | 3,333 | 517,165 | 2,195,180 | 254 
Suharunpoor 2,1623 | 1,904 | 168,989 | 801,895 | 9371 
Moozufturnuggur | 1,6468 | 1,188 | 142,505{ 672,861 | 402 
Meerut 2,2001 | 1,638 | 233,928 | 1,135,072 | 515 
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Allygurh 2,153 4 } 1,997 | 296,619 | 1,194,565 | 527 
Total 9,9857 | 8,253 | 919,245 | 4,522,165 | 453 
Bynore 1,9000 } 3,080 | 140,520} 695,521 | 846 
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In the first few Districts which came under survey in these 
Provinces, Statistical enquiries were unfor- 

gppengel and Behar tunately omitted, and as no settlement follows 
the survey, the deficiency has not been made 

good; neither in those Districts where the information has been 
collected can the results be so satisfactory and trustworthy as in 
the North-West Provinces, where double and treble investigations 
have been prosecuted. For the sake of completeness and compari- 
son of the data given for different Districts, it is to be hoped that 
the subject will not be lost sight of, but that it may be prosecuted. 
inthe same manner as described in the Memoir on the North-West 
Provinces. The following table exhibits all the details at present 
procurable for the Lower Provinces, distinguishing those Districts, 
which have actually come under investigation by the Revenuo 
Survey, taken either by an actual ccnsus in some Districts, or 
by the enumeration of houses, and estimate of a certain number 
of souls per house, chevked by anothcr estimate drawn from 
the land under cultivation in somo instances.* In several of 
the Districts, however, the calculation is based only on partial arcas, 


* Tho only manner that I have of calculating the population 1s from the extent of 
cultivation, which 1s of course hable to great crror Two calculations may be founded 
on this basis 

First, 1 will appear in my account of tho agnculture of this district, that about 
4,80,000 ploughs are requircd, and onc man 1s the usual allowance for cach plough. 
The men employed in actual agriculture cannot thereforo bo less than 4,80,000, and 
these. I umagine, will be nearly one-fifth of their families, including old poople and 
children, which will make the agricultural population 2,400,000 Now considering the 
very 1mperfect state of agriculture, and the rudences of tho arts in this district, I do not 
think that we can add more than one-fourth of this number for all the other classes of 
socicty, especially as a quantity of gram 1s exported This will givo 3,000,000 fur the 
total population, bemg about 558 persons for cach square mile (onan area of 5,374 
square miles) —Secondly, an estimato may be formed from the quantity of produce , and 
rice being the chief food of the people we may consider that alone. The total quantity 
of rough rice, after deducting seed, that I havo calculated to be annually raised in this 
district, 1s about 36,800,000 muns, which according to the trials that I made, will give 
27,650,000 munsof clean rice. Now I have supposed, that to the value of 3,200,000 
Rupees of rice, or 4,400,000 muns are exported, and there will remam for consumption 
23,250,000 muns Calcutta weight. Then, allowing half a scer of 96 Sicca weight for 
each person daily, which 1s the calculation usually made 1n this district, this quantity of 
rice will feed moro than 4,000,000 of people, considerable deductions however must be 
allowed for grain that 1s wasted, distilled, consumed by fire, eaten by cattle, and used in 
the arts; but still this population seems to be exaggerated, and the calculation founded 
on the number of ploughs seems more suitable to reality —“‘ Histortcal Description of 
Dinagepur District, by Buchanan (Hamilton), Book 2, Page 67 °° 
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comprising certain Pergunnahs, yielding a certain average, and 
this number has been again assumed for the entire District. The 
average, on the 14 Districts so collected, amounts to 246 per square 
mile, and the average deducible from the Population Returns, 
given in the Agra Guide and Gasetteer on nine other districts, is 
189 per square mile, the general average on the entire area of 
74,264 square miles being 219 per square mile, and which ap- 
proximates closely with the estimate made in 1822, as noticed by 
the Court of Directors, viz. 243 per square mile, on an area of about 
double of what is here given. This calculation, although roughly 
made, seems entitled to some confidence. It does not embrace the 
populous cities of Calcutta, Dacca or Moorshedabad, or the thickly- 
populated districts of Hooghly, Kishnaghur, Baraset, &c., but 
until the whole country has been carefully and minutely explored, 
and much more labor and pains expended than have heretofore been 
devoted to this interesting and useful science, it will be in vain to 
expect absolute accuracy. 
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CHAPTER VI. | 


Part VY, 
PRACTICAL ASTRONOMY, 
AND ITS APPLICATION TO SURVEYING. 


CHAPTER I. 


DEFINITIONS. 


Scrrose a plummet to be freely suspended from a given height, 
it will fall perpendicularly upon the surface of a pool of stagnant 
water, for there is no reason to believe that it should be more in- 
clined to one side than to another. 

Now, conceive the line wherewith the plummet is hung to be 
produced to the heavens, it will cut a point there, which is called 
the zenith. 

Again, if the surface of the stagnant water be imagined to be 
extended as far as the heavens, it will form a plane, whith, with 
reference to a spectator placed where the plummet was supposed to 
be suspended, will divide the visible from the invisible part of the 
heavens. This plane is called the sensible horizon. 

Again, conceive another plane to be drawn through the centre of 
the earth parallel to the sensible horizon, it will be the spectator’s 
rational horizon or simply horizon. 

In the annexed dia- = 
gram ATT” represents 
the earth, C’ being its 
centre. Now let BA 
be the direction of the 
plummet at any point 
A on the earth’s sur- 
face; the line AB, F a 
produced to the hea- 
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vens Will furnish Z the zenith. Again the plane AA‘ drawn per- 
pendicular to the zenith line AZ, will be the sensible horizon, 
being coincident with the surface of the stagnant water at 4; 
while the plane HCH’ drawn parallel thereto through the earth’s 
centre, will be the rational horizon. 

In Astronomy, all measurements made on the surface of the earth, 
are referred to its centre or to the rational horizon HOH’. This 
subject has already been adverted to at page 187, on reference to 
which, it will be seen, that the correction whereby an observation 
is transferred to the earth’s centre, is called “parallax.” This 
parallax is always of small amount, being the angle subtended by 
the earth’s semidiameter at'the object observed. The sun, the moon, 
and the planets are the only celestial bodies which are liable to 
this correction, the stars being free from it, owing to their immense 
distance from the earth. In the Appendix, will be found a Table 
of Parallax for the sun. Here it is only necessary to observe that 
it will be convenient to throw the sensible horizon out of considera- 
tion altogether, and supposing the observer or rather his eye to be 
placed at the earth’s centre, refer the definitions of the Astronomi- 
cal terms to that point at once. 

To a spectator situated at the earth’s centre, the heavens will 
appear like a sphere of which his eye will be the centre, the stars 
being placed or projected on its interior surface. This being ad- 
mitted, it will follow from what is said at page 491 of this work, 
that the rational horizon is a great, and the sensible horizon a 
small circle of this celestial sphere. 

Now, extend the zenith line ZA, until it meets the rational hori- 
zon HCH’. This junction would have taken place at the centre C, 
if the earth were a sphere. But as this, however, is not the case, 
(the earth being a spheroid, differing in a small degree from a 
sphere) the junction above adverted to, will occur at a small distance 
from the centre. Considering the nature of the computations 
which will be treated of in this treatise, no sensible error need be 
apprehended if the earth is taken as a sphere, and we will accord- 
ingly make this assumption, in which case it is clear, that the earth’s 
centre C will become the site at which the zenith line AZ produced 
will meet the rational horizon HCH’ as represented in the figure. 
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Suppose a plane to be drawn through the zenith line OZ and 
extended to the heavens, this will be a vertical plane, and there are 
four properties belonging to it, which are as follow :— 

Ist. It will be perpendicular to the rational horizon. 

2nd. It will always pass through the zenith. 

3rd. It may be drawn through any given point; and 

4th. The figure, which it will trace on the interior surface of 
the celestial sphere, will be a great circle of that sphere. 

A circle formed in this way, by the section of a vertical plane 
with the celestial sphere, is called a vertical circle. 

To illustrate these definitions, we will suppose that in lieu of the 
spectator, a theodolite is placed at the earth’s centre, duly leveled 
and adjusted. It is evident that the azimuth circle will become 
coincident with the rational horizon, and that the telescope, when 
moved round in altitude, will describe a vertical circle in the 
heavens. 

Altitudes and zenith distances are measured upon vertical 
circles. For instance, supposing a vertical circle to be drawn 
through an object, its altitude will be that part of the vertical 
circle intercepted between it and the horizon. Again, the zenith 
distance of the object in question is an arc of the same vertical circle 
lying between it and the zenith. 

The zenith being 90° from the horizon, it follows that when the 
altitude and the zenith distance of an object are added together, 
the sum will amount to a quadrant. Hence one of these elements 
being known, the other may be found by deducting the given term 
from a quadrant or 90°. 

We will now attend to the 
phenomena of the rising and 
setting of stars. With this view 
let the annexed circle represent 
the plane of the rational horizon, 
Cbeing its centre, which is coin- 
cident with the centre of the 
earth. Suppose, a spectator, 
placed at this centre with his 
face turned towards South, ob- 
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serve a star to rise at a and set ata. Again, let him in a similar 
manner mark the points 6 and J of the rising and setting of 
another star. Now the horizontal arcs a a@ and bb being bisect- 
able at one point, let this point be S. The point S, so found, is 
called the South point of the horizon. 

Suppose now a vertical circle to be drawn through 4, it will be 
the meridian of the place to which the rational horizon, adverted to 
above, appertains. Like every other vertical circle the meridian 
will pass through the zenith and be perpendicular to the horizon. 
In addition to these properties, it will have this peculiarity, namely, 
that it will be the locus or the line of the greatest altitudes which 
stars attain to during the day. 

An altitude, measured on the meridian, is called the meridional 
altitude, in contradistinction to altitudes observed upon other ver- 
tical circles. 

As stated elsewhere, the meridian cuts the horizon at the south 
point or S. It will likewise intersect it at another point VV, which 
is called the North point of the horizon. 

If a vertical circle be drawn perpendicular to the meridian, it 
will be the prime vertical. Like the meridian the prime vertical 
will intersect the horizon at two points, which will be the East and 
West points of the horizon. 

In the preceding diagram, the lines NS and EW represent the 
projections, the former of the meridian and the latter of the prime 
vertical upon the plane of the horizon; the points VV, S, £, and W 
standing for the four cardinal points, NV for North, S for South, F 
for East, and W for West. 

The azimuth of an object is measured upon the plane of the 
horizon. For instance, take any star and suppose a vertical circle 
to pass through it, the arc of the horizon intercepted between the 
North and the vertical circle aforesaid, is called the star’s azimuth. 

“We have spoken of the risings and settings of stars, such as 
they will appear to be to a spectator placed at C, the centre of the 
plane of the horizon, but hitherto we have said nothing of the in- 
tervals of time elapsed between their respective risings and settings. 
Now, a spectator, in the Northern climate, looking towards 9, the 
South, cannot fail to remark that a star between its rising at } and 
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setting at b is longer above the horizon than a star which rises at 
@ and sets at a, which kind of inequality takes place, and in a 
greater degree with every star successively placed between 6 and S. 
But he may also note, that every star takes the same time in pass- 
ing from its rising through its setting to its rising again. A star, 
therefore, at a, is longer below the horizon than a star at }, and still 
much longer than a star at c. But a star rising at HE, the Hast 
point, has this peculiarity, namely, that it is above the horizon 
exactly as long as it is below. On this account, the circle in which 
such a star moves, is called the Equator. * 

The Equator, traced in the way described above, will be a great 
circle of the celestial sphere, perpendicular to the meridian and 
cutting the horizon at the points Hand W. Imagine now a line 
to be drawn from C perpendicular to the plane of the Equator, it 
will when produced Northward and Southward, point to the North 
and the South poles. This line is called the axis of the Celestial 
sphere. 

Besides the zenith and the North and South points upon the 
horizon, the meridian of a place will pass through the North 
and South poles of the celestial sphere. 

The axis of the celestial sphere coincides with the earth’s axis of 
rotation. Again the planes of the terrestrial Equator and meridian 
as laid down at p. 491 when extended, will trace on the interior 
surface of the celestial sphere the Equator and meridian defined in 
this chapter. 

There are two co-ordinates required to determine the position of 
a star in the heavens, namely, Ist, the declination, and 2nd, the 
right ascension. The simplest definitions, which can be given of 
these terms, are as follows :—Suppose the given star to transit, or 
come to the meridian, then its declination will be the arc of the 
meridian intercepted between the star and the Equator, its right 
ascension being the time which would be shewn by a siderial clock 
adjusted to read >>> when the first point of Aries passed the 
meridian. 

The first point of Aries may be determined in this way. It is 
well known that either on the 20th or 21st March, the day and 


* Woodhouse’s Astronomy, Vol. I, parti., page 6, 
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night are equal or nearly so; or which is the same thing the sun 
remains as long above the horizon as below it. On the day that 
this equality takes place, the sun rises due East and sets due West : 
or in other words, it occupies a point in the Equator, which point 
is called the first point of Aries, the origin of all right ascensions. 
The first point of Aries can always be determined by computation. 

Now, the declination of a star will be North or South according 
as the meridional arc, whereby it is measured, extends towards the 
North or the South pole. When a star’s declination is known, its 
North polar distance may be computed in this way. When the 
declination is South add it to 90°: When it is North, subtract it 
from 90°: the sum or difference so obtained will be the North polar 
distance required. 

The horary angle of a Celestial object is the time it takes to come 
to the meridian or the time it has passed it. 

The latitude of a place is an arc of the meridian, intercepted 
between the Equator and the zenith. 

The longitude of a place or rather the difference of longitude 
between two places is an arc of the Equator intercepted between the 
meridians appertaining to those places. 

A siderial day is the interval elapsed between the two successive 
transits of a star on the same meridian. It is divided in the usual 
manner into hours, minutes and seconds. A clock, truly adjusted 
to siderial time, will read ¢ {> when the first point of Aries passes 
the meridian. 

In like manner, the interval included between the sun’s leaving 
@ meridian and its returning to it, is styled a solar day. 

Before proceeding any further, it is necessary to shew why a 
solar day is greater than a siderial day. The diurnal motion of 
the heavens from East to West is only apparent, arising from the 
real motion of the earth in a contrary direction. Suppose, now, 
that the sun and a star are on a meridian together on any given 
day. On the following day the meridian will again meet the star 
at the same place, but not the sun, which will have advanced about 
59" towards the East, which arc, therefore, will require to be des- 
cribed by the meridian before it can reach the sun, whence it is 
clear, that the interval, (siderial day) included between the transits 
of a star, will be less than the like interval (solar day) for the sun. 
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The solar day, however, cannot be made use of to regulate and 
adjust a clock; because on account of the variable motion of the 
sun, it will not be of the same length throughout the year. To 
remedy this inconvenience, astronomers imagine a mean sun moving 
in the Equator with the true sun’s mean velocity in the direction 
of that plane, and they call the interval included between its two 
successive transits on the same meridian a mean solar day. This 
mode of reckoning time is in general use; all astronomical clocks 
and chronometers as well as common watches being adjusted by 
it. The Nautical Almanac furnishes the rules for deducing the 
transit of the mean sun from that of the true sun. 

The foregoing are all the astronomical terms which occur in this 
work, and they have been defined in a way, in which it is hoped, 
they will be easily apprehended by a practical man. Before the 
reader, however, proceeds to the perusal of the following chapters 
we would recommend him to acquire a knowledge of the Nautical 
Almanac by attentively reading over the explanation of the 
contents appended to that work. 

It is of considerable importance to a Surveyor to know the names 
and positions of the principal stars. The following directions from 
*‘ Mackay on the Longitude,” will be found of service: 


Or tHe Freep Stans. 


The Fixed Stars are so named, because they are observed to retain their relative 
places with respect to each other Some stars appear to be of a sensible magnitude to 
the naked eye, but when viewed through a telescope, seem only as lucid pomts, without 
any apparent diameter; hence their immense distance from the solar system 1s inferred, 
and consequently they emit their own hght, otherwise they would be nvimble. It is, 
therefore, reasonable to suppose them to be so many suns, diffusing hght and heat to 
planets revolving round them. 

The Stars, with respect to their apparent splendour, are divided into orders, called 
Maenrrupss. The brightest are called Stars of the first Magmtude the next to these 
in splendour, Stars of the second Magnitude, and so on to those which are just percep- 
tible to the naked eye, and which are called Stars of the sixth Magnitude. Those which 
cannot be discerned without the assistance of a telescope, are called Telescoye Stars, and 
are divided into orders of the Seventh, Eighth, Ninth &. magnitudes accordingly. We 
are not, however, to infer from this, that the Stars can be exactly reduced to one or other 
of these magnitudes, for the Star @ Aquile is reckoned by some to be of the first Magni- 
tade, others esteem itof the second ; hence those stars whose Magnitudes are doubtful, are 
generally marked in catalogues as partaking of both Magnitudes—thus @ Aquile is 
marked 1.2, signifying that it 1s either of the first or second, or rather between these 
Magnitudes; and ¥ Scorpionis is marked 3 4, as being between these Magnitudes; and 
the figure denoting the magnitude to which the Star is nearest, 1s put first—thus, 
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3 Scorpionis is marked 3.2; signifying, therefore, that it is between the second and third 
Magnitudes, but neargst the third. From what has been said of the Magnitudes of the 
Stars, we are not to suppose that their sizes are in the ratio of their apparent Magnitudes , 
they may perhaps be nearly of the same bulk, but the apparent Magnitude of a Star 
depends on its distance. 

The Stars, for the purpose of finding any one more readily, are divided into parcels 
called ConsTELLATIONS. These, in order to assist the imagination, are supposed to be 
circumscribed with some known figure, as that of a man, woman, ship, sextant, &o, and 
those Stars which lie between constellations are called Unrormmp Stans, As it would 
be an endless task to give a proper name to each Star, it has, therefore been customary to 
mark the Stars of each constellatzon with the letters of the Greek alphabet, mn such 
a manner, that the first letter is prefixed to the brightest star, the second letter to the 
next in brightness, and so on. Many of the brightest of the fixed Stars have also proper 
names—thus q, Bootes, 18 also called Arcturus, ¢, Virginis, is called Vendematriz, &. 

The celestial sphere 18 divided into three parts, "the Zop1ac, and the NorTHEen and 
Sournzrn HEmisPHERES. 

The Zop1ac extends to about 8° on each side of the ecliptic, and contams the orbits of 
all the planets there are 12 constellations in the Zodiac. According to the ancients, 
there were 21 constellations in the Northern hemisphere, and 15 2n the Southern; and 
consequently, 48 constellations in the zodiac and both hemispheres. Modern astronomers, 
however, by curtailing several of the ancient constellations of some of their stars, which 
they formed into new constellations; and by forming into constellations the unformed 
Stars, or those which lay between the ancient ones, have increased the number of con- 
stellations m the Northern hemisphere to upwards of 40, and those in the Southern to 
about 48, and consequently, there are upwards of 100 constellationsin all. The names 
of these constellations are as follows 


ZODIACAL CONSTELLATIONS, 


1 Aries, The Ram. 7 Iabra, The Balance. 
2 Taurus, Bull. 8 Scorpio, Scorpion. 
3 Gemini, Twins. ® Sagittarius, Archer. 
4 Cancer, Crab. 1p Capricornus, Goat 
5 Leo, Lion. 11 Aquartus, ‘Water Bearer, 
6 Virgo, Virgin. 12 Pisces, Fishes. 
NORTHERN CONSTELLATIONS. 
1 Urea Minor, The Little Bear. 22 Trang. Boreahs. The Northern Triangle. 
2 Ursa Major, Great Bear. 23 Coma Berenices, Berenice’s Hair 
3 Draco, Dragon. 24 Camelopardalus, The Camelopard. 
4 Cepheus, Cepheus. 25 Monoceros, Unicorn 
5 Bootes, Bootes. 26 Triangulum Minus, Little Triangle. 
6 Corona Borealis, The Northern Crown. 27 Lynx, Lynx 
7 Hercules, Hercules. 28 Leo Minor, Lattle Lion. 
8 Lyra, The Harp. 29 Asterion et Chara, Greyhounds. 
9 Cygnis, Swan. 80 Cerberus, Cerberus 
10 Cassiopeia, Cassiopeia. 51 Vulpecula et Anser, The Fox and Goose. 
11 Perseus, Perseus. 82 Scutum Sobieski, Sobieski’s Shield. 
12 Auriga, The Waggoner. 33 Lacerta, . The Lazard. 
13 Serpentarius, Serpentarius. 84 Mons Meonalus, A Mountam of Arcadia. 
14 Serpens, The Serpent. 85 Cor Caroli, Charles’ Heart. 
15 Sagitta, Arrow. 86 Renne, The Rem Deer. 
16 Aquila, Eagle. 87 Le Mesmer, M Messier. 
17 Antinous, Antmous 88 Taurus Regal, The Royal Bull. 
18 Delphinus, The Dolphin, 89 Fnedrick’s Ehre, Frederick’s Glory. 
19 Equuleus, Horse Head 40 Tubus Herscheln Herschel’s Great Tele- 
20 Pegasus, Flymg Horse. Major, seope. 
21 Andromeda, Andromeda. 
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SOUTHERN CONSTELLATIONS. 


1 Cotas, The Whale. 27 Pisces Volana, od Flying Fish, *° 

32 Orion, Orion. Passer. 

3 Eridanus, River Enadanus, 38 Dorado, ou Xiphias, The Sword Fish. 

4 Lepus, Hare. 29 Toucan, American Goose, 

5 Cans Major, Great Dog. 30 Hydrus, ‘Water Snake. 

6 Cans Minor, Lattle Dog. 81 Sextans, Sextant. 

7 Argo Navis, Ship Argo. 82 Apparatus Sculp- Apperatus of the 
8 Hydra, Hydra. toris, Carver. 

9 Crater, Cup. 88 Fornax Chemica, Chemical Furnace. 

10 Corvus, Crow. %4 Horolomum, Clock. 

11 Centaurus, Centaur. 85 Retaculus, Reticulat. Rhombo:d, 
12 Lupus, Wolf. 86 Celum Scalptorium, Graving Tool. ° 
18 Ara, Altar. 37 Equuleus Pictoris, The Painter’s Easel. 
14 Corona Australs, Southern Crown. 88 Pyxis Nautica, Mariner’s Compass. 
15 Piscis Australas, Southern Fish. $9 Antha Pneumatica, Air-pump. 
16 Columba Noach1, Noah’s Dove. 40 Octans, Octant or Hadley’s 
17 Rober Carohnum, Royal Oak. Quadrant. 

18 Grus, Crane. 41 Circus, A pair of Compasses. 
19 Phenix, Phenix. 42 Norma, The Square and Rule, 
20 Indus, Indian 48 Telescopium, Telescope. 
21 Pavo, Peacock 44 Microscopium, Microscope. 
22 Apus,ou Ars Indwa, Bird of Paradise. 45 Mons Mensa, Table Mountain. 

23 Apis, ou Musca, Bee or Fly. 46 Solitaire, An Indian Bird 

24 Crux, Cross. 47 Psalterrxum Georma- The Georgian Psaltery. 
25 Chamelon, Chamehon. 


num, 
48 Tubus Herschelii Herschel’s less Tele-~ 
Manor, 


26 Trangulum Australis, Southern Triangle. 


Three more Southern constellations have been lately added, viz. Monigofjier's Batloon, 
which 1s between Sagittarius, Capricon, the Southern Fish, and the Microscope, the 
Press of Guttenberg, between the Great Dog and the Ship, andthe Cat, between Hydra, 
the Ship, Compass and Air-pump The two first of these constellations were formed by 
astronomers at Gotha, in Upper Saxony, and the last by the late M. Jerome de la Lande. 

The number of Stars of the first Magnitude in the zodiac and un both hemispheres, 
do not amount to twenty. 

The Pleiades, or, as they are more commonly called the Seven Stars, although only 
six principal stars remain, are, it is presumed, universally known. Towards the 8. E, 
and at the distance of nearly 14°, 1s the star Aldebaran, of the first magnitude, and of a 
reddish colour, which, together with a few small stars, form a triangular figure 
Between the N. and E. of Aldebaran, and about the angular distance of 45°, is Pollux, 
in the constellation Gemini, and at a amall distance to the N. 1s Castor. From Pollux a 
little to the 8. of E. at the distance of about 37°, 1s Regulus, in the constellation Leo, 
and from thence, at the distance of about 54° towards the East, 1s Sptea Virgenes 
From this star, and nearly in the same direction, at the distance of about 46°, is Antares, 
of the first magnitude. From Antares to Altar, or @ Agua, in a North-easterly 
direction, the angalar distance 1s nearly 61°. From Altair to Fomalhaut, m a South- 
easterly direction, the distance 1s about 593°; and from thence to a Pegan, or Markab, 
the distance is about 45° in a Northerly direction; and from @ Pegasi to a Arvtss, the 
distance is about 432° in a direction a little to the South of East- and Aldebaran is dis- 
tant from @ Arietis about 354°, nearly m the same direction, but inclining a little more 
to the South. 

Some of the other principal fixed stars, which may be employed in finding the latitude, 
and the apparent time at the place of observation, may be known by their relative bear- 
ing and distance from those already described. The following few directions may, 
probably, be acceptable to some persons. 
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An imaginary line from the Pleiades through Aldebaran, at the distance of about 16° 
from that star, in a South-easterly direction, will pass through Bellatrix, of the second 
magnitude, in the constellation Orion; and towards the East, about 73° from Bellatnx, 
is Betelguese, of the first magnitude, in the same constellation. To the South of these 
stars, and nearly on a straight line, and at equal distances, are three stars, each of the 
second magnitude, called the Belt or Girdle of Orion from the belt, towards the South 
is the Sword of Orion, in which is aremarkable nebula ; a lune from Betelguese, between 
the first and second stars in the belt of Orion, will pass through Rigel, of the first mag- 
nitude. From Betelguese, towards the East, at the distance of about 26°, is Procyon, 
between the first and second magnitudes, in the constellation Canis Minor. These two 
stars, and Sirius, of the first magnitude, in Canis Major, towards the South, form 
nearly an equilateral triangle. 

From Aldebaran, in a direction a little to the East of North, and at the distance of 
about 31°, is Capella, of the first magnitude; these two stars and Castor form nearly an 
isosceles triangle, Capella being at the vertex. A line from Rigel through Capella pro- 
duced will nearly pass through Alruccabah, or the pole star; the distance between the 
two former being about 54°, and that between Capella and Alruccabah 44°. The pole 
star is the last in the tail of the constellation Ursa Minor, which constellation contains 
seven principal stars, and 1s mmular, but differently posited with respect to Ursa Mayor, 
or the Great Bear, the two Westernmost stars of this constellation, when in the hemus- 
phere South of the pole, are called the Pomters, as a line through them pomts out, or is 
nearly in a direction with the pole star. 

Towards the South of Regulus, and inclining a little to the West, at the distance of 
about 232°, 1s Alphard, mn the constellation Hydra. From Regulus to Deneb, the dis- 
tance, mm a direction to the North of East, 1s about 233°. From Spica Virginis to 
Arcturus, in a Northerly direction, the distance is 33°, and nearly im a line between 
them 18 Vendematriz, m Virgo, to the North of this star, at the angular distance of 
about 272 degrees, 1s Cor Carol. In a North-easterly direction from Arcturus, at the 
distance of 193 degrees, is Alphacca, in Corona Borealis; and from thence, nearly in the 
same direction at the distance of about 39$°, is Vega or @ Lyra, of the first magnitude. 
At the distance of 47° frum Spica Virginis, towards the South, is the Northernmost of 
four stars, forming a cross, and therefore, called the Crosters. 

Nearly 14° to the North-east of Altair, 1s the constellation Delphinus, in which are 
four principal stars, 1n form of a rhomboid, and this line being produced from Delphmus, 
in the same direction, will pass through Scheat, a star of the second magnitude, in the 
constellation Pegasus. About 13° to the South of Scheat, is Markab, a star of the second 
magnitude, in the same constellation ; nearly 163° to the Eastward of Markab, is Algenw 
or y Pegasi, of the second magnitude, and about 14° to the Eastward of Scheat, is 
@ Andromedm, or Alpheratz, a star of the third magnitude, m the head of Andromeda. 
These four stars form a figure which is usually called the Sguare of Pegasus. 

From @ Andromeds, in a North-easterly direction, at the distance of nearly 142°, is 
Mrach , and 23%° therefrom, in the same direction, is the variable star Algol. In a per- 
pendicular direction from the middle of the lme jommg Mirach and Algol, towards the 
North, and at the distance of about one-eighth of that line, is Almaach. About 213°, 
towards the North of Mirach is Schedir m Cassiopeia; this constellation contains five 
stars of the third magnitude, and 1s easily known. Between the South and West of the 
Pleiades, at the distance of 23°, or from Aldebaran 26°, is Monkar, of the second magni- 
tude. Betelguese, Rigel, and Achernar are nearly in the same direction, tho distance 
between the two last being 43 times of that between the two first. 
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THE DETERMINATION OF THE ERROR OF A CHRONOMETER; AND OF 
THE AZIMUTH OF THE REFERRING MARK FROM OBSERVATIONS 
MADE AT ANY TIME ON THE SUN OR A KNOWN Srar. 


Wauen a chronometer forms a part of the equipment of a Sur- 
veyor, the first thing he must apply himself to, is the determina- 
tion of its error. This may be easily effected by an observation 
taken at any time to the sun or a star in the following manner.— 
First, to begin with the sun, which, suppose, is on the east of the 
meridian. With a theodolite properly adjusted, take the altitude 
of the sun’s upper limb, noting the chronometer time of the obser- 
vation. Then as the sun is ascending, allow the telescope to 
stand at the same elevation, and mark the chronometer time when 
the lower limb attains to that altitude. This will complete obser- 
vations on one face of the instrument, and similar observations 
being repeated on the other face, there will be two observed alti- 
tudes and four chronometer times, the mean of the former is ob- 
viously the altitude of the sun’s centre, divested of instrumental 
errors; the chronometer time corresponding thereto being the 
mean of the four observed times aforesaid. 

On the other hand, when the sun is on the west of the meridian, 
and descending, the lower limb will require to be observed first 
and then the upper; a contrary procedure being followed on the 
eastern side, because the sun was ascending. With the exception 
of this difference, the observations on both sides the meridian are 
to be conducted in exactly the same manner. 

The altitude of the sun’s centre being derived in the way de- 
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scribed above, the next step is to clear it of refraction and parallax, 
(vide appendix, Tables E and F) an operation which will furnish 
what is technically called the true altitude. Deduct this altitude 
from 90°, the remainder will be the zenith distance of the sun’s 
centre. 

Besides the zenith distance, there will be two other quantities 
required in the present computation, and these are, Ist.—The 
sun’s north polar distance, and 2nd.—The co-latitude of the place 
of observation: the former may be taken out from the Nautical 
Almanac, while the latter must be derived from observations made 
for that purpose, or from a previous survey operation. 

The three elements, viz. the sun’s zenith and north polar 
distances, and the co-latitude of the place being obtained, the 
computation of the chronometer error may be performed in the 
following manner : 

Ist. Collect into one sum the zenith and the north polar dis- 
tance of the sun, and the co-latitude of the place, and take its 
half: then diminish the half sum by Ist the zenith distance, 2nd 
the north polar distance, and 3rd the co-latitude, and call these 
differences in the order in which they are taken, Di, Ds, Ds. 

2nd. To the log cosecant of the half sum as taken above, add 
the log cosecant of D,, and the log sines of D, and D;; the sum 
divided by 2 is the log tangent of an arc, which being found and 
doubled, will furnish the sun’s horary angle at the time of obser- 


vation. 
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3rd. The horary angle being in space must now be converted 
into time, and then subtracted from the mean time of the appa- 
rent noon or added thereto, according as the observation was 
made on the east or west of the meridian.* The difference or the 
sum, (as the case may be,) so obtained, will be the mean time of 
the observation. 

This mean time mgy now be compared with the mean observed 
time, and the difference between the two will be the error of the 
chronometer. 

EXAMPLE. 


Srzecrmmen or THs Frety Boox. 


Afternoon observations taken on the sun at the Surveyor General's Office, 
Dehra, 15th August, 1848 





Vertical Vernier. Observed 
Object observed. Chronometer 
B Mean Times 
h. m 
| O's Lower Limb L! 19 45 45 | 19 45 15 | 19 45 90 | 10 51 29 
Upper Lamb » | 19 45 45 | 19 45 15 | 19 45 80 | 10 53 59 
Lower Lamb .. BR 18 54 45 | 18 54 15 | 18 54 80 | 10 56 20 
Upper Limb » 18 54 45 | 18 54 15 | 18 54 30 | 10 58 49 
Mean observed altatude = 19 40 0 
m 8&8 
Time.. == 10 55 9 
Type of Computation. 
Mean observed Altitude . ....... 19 20 6 
Refraction and Parallax . nw. . ncn e cecceceee — 2 36 
True Altatude ......... 19 17 24 
Zenith Distance 4... tw wee e ence veer eces 70 42 36 
North Polar Distance ..... . wsecccsscce 76 2 46 
Co-latitude ......06.. aie -ae 59 40 8 
BUM siwis. 6h eiaweanes Ke ‘ we . 206 26 30 
Half Sum ....... «- ‘ 1038 12 45 Cosec. 0°0116511 
Half Sum diminished by zenith distance ....D, .. 382 30 9 Cosec. 0 2697537 
Ditto ditto | North PolarDistance ..D,.. 27 9 59 Sun. 9°6595132 
Ditto ditto Co-latitude . eves, 43 82 37 Sin. 9 8381603 
2)19°7790783 
Half the Horary Angle ......00 2.2000 cceeces eesae 87 47 27 Tan. 9°8895392 
2 SEE 
Horary Angle in Space ..... .... Sisestets. seuve  (0.04:64 


* For facihtating the conversion of space into tame and vice versé, see the Table 
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h, m, 8. 

Sie waeer wees + eeese ooe)6« «6§lh6o8 19 

Lee ine ct Apparat Hoos er eee ee | 
Mean Time of observation . . a ery 6 6 82 
Chronometer Time of ditto .. .......- + + 10685 9 
Chronometer Error. .... 100s cucce covcceens §& 48 87 


On account of the difficulty of intersecting the sun’s centre, 
four observations, as has been seen, are necesgary to determine its 
altitude. Such a rigorous procedure, however, is not required for 
a star which is a small object, and easily intersected. With a 
properly-adjusted theodolite, take two altitudes to a star on each 
face, noting the chronometer time of each observation. The 
mean observed altitude, as likewise the mean observed chronometer 
time being computed, and the former cleared of refraction, the 
deduction of the horary angle may be taken in hand, for which 
the process to be followed is the same as that for the sun. The 
horary angle being deduced, it must now be added to or subtracted 
from the star’s apparent right ascension, according as the observa- 
tion was made on the west or east of the meridian. The resulting 
sum. or difference will be the sidereal time of the observation, 
which reduced to mean solar time, and compared with the mean 
observed time, will furnish the error of the chronometer. 

Analogous to this process of ascertaining the error of a chrono- 
meter, there exists a method for determining the azimuth of a 
Survey. To accomplish the latter object, the Surveyor will establish 
a referring mark at the 
distance of a mile from the 
station of observation, so 
that it may be visible with : 
the solar focus of the tele- 
scope attached to his theo- g- oe 
dolite. When the referring 
mark has been selected. with 
due regard to this condition, 

‘he will proceed. with his ob- 
servations upon the sun in 
the following manner. 

Adjust the theodolite over the station dot, and take a reading to 
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the referring mark, after which, turn the telescope to the sun, 
and placing it in one of the four angles of the wires, make those 
Wires tangents to its sides, as shewn in the annexed figure, in 
which AB and CD represent the wires and 84,58, 8’, S’ the sun. 
Now read off the horizontal and vertical limbs of the instrument. 
This done, take a similar observation of the sun in the opposite 
angle of the wires,* after which, bring the telescope to the referring 
mark, and take a second intersection thereof. 

Now, compute the difference between the first azimuthal reading 
of the referring mark and the like reading of the sun, this will be 
one angle. Again, performing similar operation upon the second 
pair of readings, there will result another angle. The mean of 
these two angles will obviously be the angle between the sun’s 
centre and the referring mark on one face. In like manner, the 
mean of the vertical angles observed, will be the altitude of the 
sun’s centre on the same face. 

Similar observations being made on the reversed face of the 
instrument, there will ultimately arise a horizontal angle and an 
altitude, analogous to the horizontal angle and altitude mentioned 
above. Tke mean, therefore, between the two horizontal angles so 
deduced, will be the angle between the referring mark and the 
sun’s centre, cleared of facial error. For the same reason, the 
mean between the two altitudes will be the elevation of the sun’s 
centre, divested of all instrumental discrepancies. 

The foregoing data being obtained, the next step is the compu- 
tation of the sun’s azimuth. The elements involved in this 
deduction are Ist—The sun’s true zenith distance; 2nd—Its north 
polar distance; and 3rd—The co-latitude of the place :—the mode 
of deriving which, having been explained in a former part of this 
chapter, it will not be necessary to enter into that subject again at 
this place. 

Combine into one sum, the sun’s north polar and zenith distances 
and the co-latitude of the place, and take its half. Diminish this 
half sum by Ist, the north polar distance, 2nd, the zenith distance, 
and 3rd, the co-latitude, and call these differences taken in suc- 
cession D’, D' and D”. 

To the log cosecant of half sum, add the log cosecant of D’ and 

© In the Diagram the Z 8 is oppomte to the Z Sand the Z & to &. 
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log sines of D’ and D”. The resulting sum divided by 2 will be 
the log tangent of an arc, which being found and doubled, will be 
the sun’s azimuth at the time of observation. 

The sun’s azimuth as deduced above, originates from the north, 
and extends towards the east or west as the observation was made 
on one or the other side of the meridian. Apply now this azimuth 
to the mean observed angle between the sun’s centre and the 
referring mark, the resulting arc will be the required azimuth of 
the latter. 


Mean observed Alitude . .... 16 42 45 

Refraction and Parallax ...... — 8 38 Mean observed angle i oe. 
True Altitude ..... .«.2-. . 16 389 42 between theSun andr = 49 61 40 
Zenith Distance ....... ...- 73 20 18 Referring Mark .... 

Type o Computation. ° é a 

©s North Polar Distance ....... os ».- 69 40 384 

» Zenith Distance......cccccceesenccescccsces 73 20 18 

Co-latitudeof theplace .....2+2s.. sccse 64 35 30 

Sum...... epi Deebeueenic a eases eee “Sr eUr ae: 2a 

Half Sum .. 103 48 11 Cosec. 0°0127264 


Half Sum dumimshod by North Polar Distance, D’ 34. 7-87 Cosec, 0°2510152 
Ditto ditto Zenith Distance . D’.. 80 27 63 Sin. 9 7050146 
Ditto ditto Co-latitude eesoas @ D”. . 39 12 41 Sin. 9 8008430 

2 )19°7695992 


$7 29 19 Tan,  9°8847996 
2 Sr Ee 





elegans @eseGeeeeanpeeene se @eseecsn @eaeeaen 74 58 38 
beerved Angle between () and referring mark . 49 51 40 
Azimuth of the referring mark.......02000 sece+ os 124 60 18 


To make the foregoing process of observation and computation 
applicable to a star, take, as in the case of the sun, its altitude, and 
the angle which it may be inclined to with the referring mark. 
These observations will require to be repeated on both faces of the 
theodolite, and the mean results taken, to free the latter from 
instrumental errors. This done, clear the mean observed altitude 
of refraction, and deduce therefrom the star’s true zenith distance. 
With this element, and the star’s apparent north polar distance, 
and the given co-latitude of the place, compute the star’s azimuth 
in the same way as in the case of the sun, which azimuth, applied 
to the mean observed angle between the star and the re- 
ferring mark, will furnish the azimuth of the latter. 
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Objects observed. 





Referring Mark. .......... 
© (Left and Lower Limb) .. 


© (Right and Upper) ..... 
Referring Mark ......... +. 


Referring Mark ..... .. ... 
© (Left and Lower)........ 


© (Right and Upper). .... 
Referrmg Mark ........ .. 


Face. 


9 ° a 





Vernier Readings. 


, a 


R {276 26 465! 27 16 


L 


46 27 16 
46 19 16 
95 26 46 








224 48 15; 48 46 
224 44 46 
276 26 45 
96 26 46] 


45 0 
26 465 


27 16 


27 45 


19 46 


26 16 


EXAMPLE. 
SPECIMEN oF THE Fretp Book. 
Morning Angles taken at Allahabad, Surveyor General’s Office, 21st May, 1845. 


Cc, 





° @ 


26 16 
48 16 


45 0 


27 16 


26 30 


27 16 


19 45 


26 30 





o e a“ 


275 26 45 
224 48 26 


224 44 66 


275 26 55 


96 26 50 
46 27 26 


46 19 36 


95 26 30 

















Angles deduced. 
One Read- Mean at 
ing. each Zero. 
Altitudes 
o ’ a” ° ’ a o a” , a o , ” 
60 88 20] 50 40 10; 2 14 27 45| 26 16 14 26 30 
60 42 0 16 3 46 2 16 16 63 «+0 
14 44 46 
48 59 26; 49 310; 2 | 18 2616] 26 16 18 26 46 
49 6 66 18 66 16] 66 16 18 66 46 
Mean 18 40 46 
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To give the Surveyor an idea of the accuracy attainable by this 
method of determining the azimuth, the results of thirteen obser- 
vations taken in the Revenue Survey of the 24-Per, are 
here given the mean whereof, when compared with the corres- 
ponding azimuth in the Trigonometrical Survey, exhibits an error 
of 27”. 

Results of observations taken at No. 39, Park Street, with a 
Troughton and Simms’s 7-inch Theodolite of Col. Everest’s or 
Kast India Company’s Pattern. 








Date. Stars observed. 
17th Oct., 1848 | a Cassiopeia ........ccceeee 
19th ,, 4, | @ Scorpio (Antares) ....... .. 
23rd_si,, ms a Bootes (Arcturus) .. ....... 
25th ,, s Ditto saeuwee 
28th ,  ,, | a Scorpio (Antares) .. inep eesices 
2nd Nov., , | 9 Urse Major ...... wecnoeven 
Srd 4, = 5y_—S«|.:« @ Cassiopeia .... 2... cceeeees 
3rd, 4, | a Scorpio (Antares) .......... 
Srd 5  y, | @ Lauri (Aldebaran) .......... 
6th , , | a Auriga (Capella) ......... 
8th ,,  ,, | @ Tauri (Aldebaran)..... .... 
8th a Lyre. (Vega).... .secceces 
8th Mar., 1849 DOW i veecsee Meee aiueese 
Mean ...... i MeP ele RKCek Greets weaw ees. 168 11 24 
By Great Trigonometnical Survey are To ere ‘ -. eese 168 11 51 
Discrepancy ... i: “ewiaeiewneiee -eatee aes iets Shae teaweaeeas 27 





These azimuths originate from ‘the north; that of the Great 
Trigonometrical Survey is derived in the following manner : 


Azimuth of 39, Park Street, from La Martiniere, measured from 


south, furmehed by the Officer in charge of the Coast Series .. . } 168 11 63:3 


The same augmented by zw or 180° . CRG 6t GS wahed aw eats ee 348 11 53°83 
Correction for the convergency of the Meridian or A A of page 422 — 26 
Azimuth of La Martinere from 39, Park Street, reckoned from south 348 11 607 
The same reckoned from North ........0000 csccee ess sane 168°11°60°7 
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THE DETERMINATION OF THE ERROR AND RATE OF A CHRONOMETER, 
UPON MEAN SOLAR AND SIDEREAL TIME, FROM MERIDIONAL 
OBSERVATIONS. 


Wuen the direction of the meridian, or which is the same thing, 
the azimuth of the referring mark is known, the most convenient 
method of determining the error of a Chronometer upon mean solar 
time is by taking a meridional observation of the sun. With this 
view, about half an hour before noon, plant the theodolite over the 
station dot, and perform thereon, all the necessary adjustments. 
This done, take a reading to the referring mark, and apply thereto 
the azimuth of that point; the resulting reading will obviously be 
the direction of the meridian. The instrument being now set to 
this reading and clampt, fix the telescope to the required altitude 
of the sun, and await its coming. When the sun has entered the 
telescope, bring it into the middle of the field by the motion of the 
vertical tangent screw alone, and then, as it advances forward, note 
the Chronometer times of the contact of the first and second limbs 
with the vertical wire of the telescope. Half the sum of the two 
observed times will furnish the transit of the sun’s centre over the 
vertical wire, or the meridian of the station of observation.* 


* In case both the limbs have not been observed, the method whereby the transit of 
the sun’s centre may be derived from the transit of one of the limbs is as follows —In 
the Nautical Almanac is registered the mdereal tame of the sun’s Semidiameter pasaing 
the meridian for every day in the year. Take this time and add it to, or subtract it 
from, the observed Chronometer time, according as the lst or the 2nd hmb was taken, 
the resulting sum or difference will be the required Chronometer time of the tranmt of 
the sun’s centre. 
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When the sun’s centre passes over a meridian, itis apparent noon 
there. The mean time of the apparent noon for a given day at any 
place being deducible from the Nautical Almanac, it is clear, that 
this time compared with the observed time of the transit of the 
sun’s centre as deduced above, will obviously furnish the error of 
the Chronometer. 

Again, the difference of the errors of the Chronometer on two 
successive days will be its rate. 

EXAMPLE. 
Computation of the observations made on the sun at Kaliana, G. T. 
Station, in Lat. 29° 30° 49" and Long. 77° 41° 52". 


October | Transits of the | Tranmt 
two Lamba. the Centre. 


1836, 


m. 


28 48 26°04 0 15 3191 
23 48 8°57 016 3898 


23 47 51°60 0 16 35°00 


h. 
0 
0 
0 
0 
0 
0 
0 
0 


NCO eRe ON ON 


23 47 34 86 017 814 





Circumstances, however, will sometimes happen, which will 
prevent the sun being observed. In this case, it will be necessary 
to resort to the transit of a star, which may be taken in the follow- 
ing manner :—The Theodolite being duly adjusted in the plane of 
the meridian, the telescope may be fixed to the altitude of the star. 
When the star appears in the field of the telescope, it must be 
brought to the middle thereof, as in the case of the sun, by the 
motion of the vertical tangent screw only. This done, note the 
Chronometer time of the star’s passage over the vertical wire, which 
will be the observed time of the transit. 

It is always convenient to select a Nautical Almanac star for such 
observations, because its apparent right ascension being given, the 
computation of its transit will present little or no difficulty. For 
this reason we will suppose that a Nautical Almanac star has been 
taken. Now, the sidereal time of its transit is known, it being the 
star’s apparent right ascension at that instant, an element which is 
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furnished by the Nautical Almanac. Again, the same work gives 
the sidereal time of the mean noon for every day in the year. For 
any given day therefore take the sidereal time of the mean noon 
corrected for the longitude of the place of observation, and deduct 
it from the star’s apparent right ascension, the difference will be 
the sidereal interval between the mean noon and the star’s transit ; 
which interval converted to mean solar time, will be the mean time 
of the transit in question.* 

The mean time of the star’s transit being computed, it may be 
compared. with the observed time, and the error and rate of the 
Chronometer determined in the same way as in the case of an ob- 
servation on the sun. 


EXAMPLE. 
Computation of Transit observations made on 15 Argus at Noh, 
G. T. Station, in Lat. 27° 50° 44" and Long. 77° 41’ 13". 


*'s Apparent | Sidereal Tume | Mean Time | Chronome- 
Right f of *s ter Time of Error. Rate. 
Mean Noon t Transit. 


Fast. . 
hm =5.. hm =s5 hm =°%3 hm s 
0 53 27 66 7 5 5902 9 82 5178 2 26 5271 i 
0 57 2421 7 2 810 9 29 44 98 2 27 4188 49 17 


1 12076 | 6 58 718 | 9 26 3780 | 2 28 3062 48°74 





Such is the way in which the error and rate of a Chronometer 
are computed upon the mean solar time. If the error and rate are 
required upon the sidereal time, however, the procedure to be fol- 
lowed is exactly similar to that just described. For instance, 
suppose a transit of the sun or that of a star has been taken, the 
apparent right ascension of the object observed, compared with the 
time of observation will furnish the error of the Chronometer upon 
sidereal time. Again the comparison of two errors determined in 
this way on two consecutive days, will give the required rate. 

As an example of this computation, take the same observations 
made on the sun at Kaliana, in October, 1836. 


* The method of converting a sidcrcal interval into a mean solar interval and we 
vereé 1s explained in the Nautical Almanac, (pages 554 to 567 ) 


[Part v. 


601 


Deduction of the Sidereal error and rate of a Chronometer. 
Kaliana Station of observation. 


October | Tranmt of (+)’s | Apparent Right 
1886 nat ot Ascension. 


Slow 
hm & hmia 
12 44 18 61 12 40 20 66 


12 47 57 64 12 43 45 14 
12 51 87 09 12 47 10 59 
12 55 16°95 12 50 33 95 





In the preceding computation, it is assumed, that the true 
azimuth of the referring mark is given, and that the Theodolite has 
been exactly placed in the plane of the meridian. It is evident, 
that these are conditions, which cannot be readily fulfilled in prac- 
tice. For instance, it may happen, that only an approximate 
azimuth of the referring mark is forthcoming ; or that if the true 
azimuth is known, the theodolite has not been truly adjusted thereto. 
In either case, therefore, there will be an error in the setting of the 
instrument, and when that error is known, the observed time of 
the sun’s or the star’s transit, will require to be reduced to the 
meridian, which may be done in the following manner: 

To the logarithm of the azimuthal-deviation of the theodolite 
from the meridian taken in seconds, add the log. sine of the zenith 
distance of the object observed, the log. secant of its declination, 
and the arithmetical complement of the logarithm of 15, the natural 
number answering to the sum, will be the required correction in 
seconds of time, positive if the transit observation were niade to 
the East, and negative if it were taken to the West of the 
meridian. 

When this correction is applied to the observed time of the 
transit, the resulting element will be the true Chronometer time of 
the meridional passage of the sun or the star observed. 


EXAMPLE. 


At G. T. Station Noh, the Theodolite was placed 3”.8365 to the west of the meridian 
on the 6th April, 1837, and the transit of 15 Argus observed. The correction to the 
tranmt time for this Azmuthal deviation may be computed as follows: 
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Asimuthal deviation eeaeeteaasea 


Zenith Distance of 15 Argus 
South Declination of the same 


A, 0. of Log. 15 ... 


Correction in seconds of time 
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@ese®*= gseeceeeoeoe Beas ee psa saeesand $835 Log. 0°568877 
secccccccececessccscce OL 41 10 Sin. 1°89466 
See Semuebigs «» 28 50 26 Seo, 0°08873 


eee @reet@sepeerenseecesuegaseseeueeeStesau 382891 





ee seecacecaccos ceececesceccee22 Log. 1 $4107 





Now, the observed time of the transit was 9h. 29m, 45:208, which being diminished 
by this correction will furnish 9h, 29m, 44°985, as the Chronometer time of the star's 
passage over the meridian. Aocordingly this corrected time has been made use of in 
computing the Chronometer errors at page 598. 
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THE DETERMINATION OF THE ERROR OF A CHRONOMETER FROM 
OBSERVATIONS ON A HIGH AND LOW STAR. 


THERE is a method of ascertaining the error and rate of a Chro- 
nometer, which only requires an approximate knowledge of the 
azimuth of the referring mark. The method consists in taking the 
transits of a high and low star* with a theodolite placed as nearly 
as possible in the plane of the meridian. The only precaution to 
be attended to in taking these observations is, that when the instru- 
ment is once set to the meridian, it must not be moved in azimuth, 
until both the required transits are taken. 

The transits of a high and low star, taken as directed above, 
furnish two results at once; namely, Ist, the deviation of the in- 
strument from the plane of the meridian, and 2nd, the error and 
rate of the Chronometer. The former of these articles having been 
treated of in sufficient detail in a former part of the work (pages 
155, 156) it need not again occupy our attention at this place ; the 
latter, however, is the especial subject of this chapter, and to that 
accordingly we will direct the attention of the reader. 

The problem of determining times from the transits of a high 
and low star, may be divided into two cases: Ist, when the high 
star is observed above the pole, and 2nd, when it is taken below the 
pole. Each of these cases may again be subdivided into two others, 


* “Tn general, the two stars suitable for this purpose, ought to have opposite decli- 
nations, one North and the other South, having nearly the same right ascension, and 
bemg removed from each other by not less than forty degrees.”—Pearaon’s Astronomy, 
Vol. Ind, p. 381. 
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with reference to the North or South position of the low star with 
respect to the equator. - 
The separate consideration of the several cases is necessary to the 
due understanding of the formule, which will be given presently. 
We will suppose that the stars selected for observation are those 
of the Nautical Almanac, and use the following symbols to designate 
the computed and observed elements, appertaining to them. 


Ezplanatwn of the Symbols. 


High Star. | Low Star. 





Apparent Declination as I adew in the 
e 


autical Almanac for date near- d ad’ 
Apetcat Tage Aveeno at Gin Gas 

arent t on at i ; 
Observed tame of Transit ........ . t t’ 
Correction for time of Transit ....-0s. sp op’ 


> = Latitude of the place of observation. 


To COMPUTE ?. 

Take the difference between the right ascensions of the two stars, 
and convert it to Chronometer time ; compute likewise the difference 
between the observed times of their transits; subtract one differ- 
ence from the other, and call the resulting quantity ¢, which will 
require to be taken in seconds and in decimals thereof. 

The fundamental quantity ¢ being computed, the torrections 8p 
and 6p’ may be deduced by the following formule : 


Case I.— When the high star ts observed above the pole, the low star 
having north dechnatwn. 
3p —£8 d sin (d—n) 
“cos \ sin (d—d’) © 
3 oe d sin A—d ) 
P cos ain (d—d') 
The low star having south declination. 
cos d sin (d—A) # 
cos A sin (d+) 
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Table exhibiting the signs of corrections dp & Gp’. 


ee eee 
ae —AR 


ron —R . 
Wien te h star trannts after the low sta star, or oP 
Oe? Om ee 


Oase IT.— When the high star is observed below the pole, the low 
star having north dechnation. 
bp = d sin (A+4) 5 
cos » sin (d-}-a') 
ay = 08 d. sin O—T) ps 
“cos sin (dtd ve 
The low star having south dechnation. 
cos d sin (A}4) 4 
ae cos \ sin (d—d') 


3) — 008 d sin (0-4-7) 
as coven Ga) 





Table exhibsieng the sgns of corrections dp & bp’. 


corp eeerinabetaeaty or .. 
— > & ee 





Of the four heads under which the formule of computation are 
given, the intelligent Surveyor will take that which will suit his 
case, and proceed with his arithmetical deductions accordingly. 

When ép and ¢y' are computed, and proper signs affixed thereto, 
they may be applied, the former to #, and the latter to ¢; the 
resulting elements will be the times of the meridional passages of 
the stars observed; whereby the error and the rate of the Chrono- 
meter may be easily determined. 
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Table exhibiting the results of the transit observations taken at 
Sora, Karara Series Station, in October, 1846. 


hm & 
18 13 18°08 
18 16 84°50 
18 19 58°26 
18 23 10 87 
18 26 25 95 





It is necessary to remark that the Chronometer errors and 
rates deduced in this example, are upon sidereal time, and if they 
are required in terms of the mean time, the necessary reduction 
may be easily made by a reference to the following Chapter. 
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CHAPTER V. 


THE CONVERSION OF A GIVEN OCHRONOMETER TIME TO THE CORRE- 
SPONDING MEAN SOLAR AND SIDEREAL TIME, AND VICE VERSA. 


Ir will have already appeared to the reader of the foregoing 
pages, that whether the error of a Chronometer is determined from 
@ meridional or an extra meridional observation, the general prin- 
ciple of deduction is the same in both cases. For instance in either 
case, the mean solar tume of the observation is first computed. It is 
then compared with the observed time, and the difference between 
the two is taken as the error of the Chronometer. 

It is convenient to have this process expressed in Algebraical 
symbols. For this purpose, let s designate the mean solar time of 
an observation, and ¢ the Chronometer tume corresponding thereto, 
then s @ c= ¢ is the Chronometer error at the instant of that 
observation. Again, calling s' and ¢ analogous elements to s and c 
for a subsequent observation, there will arise s W c’=é the 
Chronometer error at the time of the second observation. 

Suppose ¢ to be the Chronometer time lying between c and ¢ 
which is required to be converted to mean solar time. It is clear 
that if the Chronometer error « at the time ¢, were known, then 
¢ +e would be the mean solar time sought, the upper sign being 
used when s > ¢, and the lower sign when s 4 c. 

The term « may be computed in the following manner: subtract 
ce from ¢ and ¢, the resulting terms (¢—c) and (¢—c) will repre- 
sent Chronometer intervals, the former between ¢ and ¢, and the 
latter between ¢ and c. Again ¢ w e stands for the rate, or the 
increment or decrement (as the case may be) of the Chronometer 
error engendered during the interval (¢—c). Now assuming rates 
to be proportional to the intervals, during which they are pro- 
duced, we shall have 

(omc): Ew @) 33 (He): — 
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The fourth term when brought out, will represent the rate pro- 
duced during the interval (¢{—c.) When the first error e has been 
corrected. by this rate, the resulting term will obviously be « or 
the error at the time ¢. 
EXAMPLE. 
Suppose at Kaliana, 5th October, 1886, the given Chronometer time is 5" 58™ 27° it 
is required to compute the mean solar time corresponding thereto. 


On reference to page 610 of this work, 1t will be seen that the numerical values of 
8, ¢, ¢.. for the 5th and 6th of October are as follows 


5th October 6th October. 
hm sb hm & 
8 = 23 48 26°04 a’ = 23 48 8°57 
e = 0 8 5796 ec = 0 4 12°60 
r) = 016 31°91 e = 016 3:93 
o' —ce— 24 0 14°56 
&—cm 5 64 29°06 
ene 32°02 
Rate for (t—c) Computed. 


(c'—e) meseconds 86414°565 Log. 4-0365869 


A. Log. 6°0684181 


e me ditto 82°02 . 1°6054213 
(t—c) ditto  21269°05 oe 4°8277481 
Required rate . 788 Log 0 8965826 


This rate 19 positrvey bacemse the erroc in ‘creaming, «bem <e 


Hence « = 0 18 81-91 + 738 = = 0 16 39°79 
and (¢—e) = 6 42 47°21 Mean solar time, corresponding to t. 


After having reduced a given Chronometer time to the corre- 
sponding mean solar time, the latter may now be converted to 
siderial time, in the following manner : 

Refer to the Nautical Almanac and take out the mean time of 
the transit of the first point of Aries immediately prior to the 
given mean time. Now deduct this transit time from the given 
mean time, the difference converted to siderial interval will be 
the siderial time sought. 


EXAMPLE. 
Take the mean solar time given above for Kahana, 6th October, 1836. ‘ 
Given mean solar time . ...cccesccccccs seene esvccnscescece 6 42 47 ‘1 
Mean Time of transit of first point of Anes ... ... 20 ee li 6 12°65 
Mean solar interval.......... -«« Sa: a Wee web ne ae 18 36 34 56 
Corresponding siderial interval or the siderial time sought ...... . 18 89 87°99 


The transit of the first point of Aries used in this computation eee to the 4th 
October, because it is that which immediately precedes the mean tvme, the same point 
tranating on the 6th which 1s after the gwen time, 
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In the foregoing part of this chapter, the Ohronometer errors 
e and ¢ are taken with reference to the mean solar time. This how- 
ever is a circumstance which cannot always be expected to obtain 
in practice. For instance, it may sometimes happen that the 
terms ¢ and ¢’ are known with reference to the siderial time only. 
When this is the case, the given Ohronometer time ¢ cannot at 
once be reduced to the corresponding mean solar time. Tt must, 
in the first place, be converted to siderial, and then, if required, 
to mean solar time. 

With respect to the former of these reductions, the process to 
be followed is exactly similar to that used for the conversion of 
any given Chronometer, to the corresponding mean solar time, the 
given terms 8, ¢, 8, ¢ in this instance, being taken in terms of the 
siderial, in lieu of the mean solar time. When the siderial time 
is computed, the corresponding mean solar time may be deter- 
mined in the following manner : 

Take out from the Nautical Almanac the siderial time of the 
mean noon, immediately preceding the given siderial time. Sub- 
tract the mean noon time so found from the given siderial time, 
the difference converted to mean solar interval, will be the 
mean time sought. 

EXAMPLE. 


In illustration of this computation take the same example as that given before 
the Chronometer time ¢ = 5° 58™ 27* as observed at Kahana, 5th October, 1836, nd at 
is required to reduce it successively to the corresponding sderial and mean solar times. 
The siderial values of ¢, ¢, s', and e’ as given at page 598, are as follows. 
5th October, 5 i 6th October. 





Lm 2s 
= 13 “a 18: 61 s’ = 12 47 57.64 
e= 9 38 67°96 eo = 0 41250 
e = 12 40 20 66 oe’ = 12 48 46°14 siderial errors. 
m 8 
eé—c == 24 0 14°65 
t—g@ = 5 64 29°06 
é—s = 3 24°48 siderial rate 
Siderial rate for t—c Computed. 
| in seconds 86414°55 Log. 4°9365869 
A. 0. 50634131 
é—¢ ditto 20448 Log. 2'3106508 
t—o ditto 21269°05 Log. 4°3277481 
Required siderial rate ...-.... 50°33 1°7018120 
hm 48. 8. hm 5. 
jie Pips ” - ae _ oS = 12 “a 10 99 
¢-+-«)= 18 3 9 ial time corresponding to ¢ 
In this case, e is made -}- because s > ¢. 
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To compute the moan solar time answering to Chronometer time ¢. 


: hm 8 
Computed siderial time for ¢ ...ccccccssccasnccevsseccusareses 18 39 37°99 
Siderial time of mean noon for 5th Octoberee....° eiisakaee akaee 12 55 54°46 

DOI aids 6 oa 5 sikh dood wees wc deveeeeneens essen es § 48 48°58 


Difference reduced to mean solar interval or the mean time required. 6 42 47.21 


Before this chapter is concluded, it is necessary to show the 
method of working the following problem : 

Given a mean solar or a siderial time 2, to compute the Chronometer 
time ¢ corresponding thereto. Retaining the characters we have 
already used, we will represent by ¢ and ¢ the mean solar or the 
siderial times (as the case may be) of the two time observations, 
one taken before and the other after ¢. c and ¢ being the Chrono- 
meter times corresponding to ¢ and #', and e and ¢ the Chronometer 
errors derived. therefrom. 

Now deduct ¢ first from s’, and then from ¢; the resulting differ- 
ences (§—s) and (o—s) stand for the mean solar or siderial intervals, 
the former between s and s and the latter between « ands. Again 
the rate produced during the interval (’—s) is ¢ W ¢, whence the 
rate for (e—s) will be the fourth term to the following proportion. 

(g—s) 5 w/e) 32 (0-8) 5 — 

The fourth term being computed and applied to e, will furnish 
the Chronometer error ¢ at the given time ¢. Correcting « by the 
error so found, there will result the required Chronometer time #. 

In the foregoing explanation the given terms ¢ and s’ and that 
required to be reduced ¢, are supposed to be of the same denomina- 
tion. But in practice this may not always be the case. For 
instance 8 and # may be mean solar and ¢ a siderial time or vice versd ; 
that is # and s being siderial and «a mean solar time. In the 
former case, must be converted to mean solar and in the latter to 
sidertal time, after which the necessary reduction may be made as 
directed above. 
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CHAPTER VI. 


Tae Mernop or DererRMINING THE AZIMUTH OF THE REFERRING 
Mark FROM AN OBSERVATION TAKEN TO A CracuMPoLaR Srar, 
AT THE Trme or rms Maxmmum ELonaatIon. 


Wuen the north polar distance of a star falls short of the latitude 
of a place, it becomes what is called a circumpolar star at that 
place, that is to say, a star which never sets, but is continually 
above the horizon, describing in the course of a siderial day, a small 
circle round the pole, of greater or less magnitude, according to the 
length of the star’s north polar distance. 

In the diurnal circular path, above adverted to, of a circumpolar 
star, there are two points, one of which is furthest east, and the 
other furthest west from the north pole. When the star arrives at 
the one or the other of those points, it is said to be at its maximum 
elongation, that to the east, being called the casfern, while that on 
the west, is styled the western elongation. 

When a circumpolar star arrives at its maximum elongation, it 
becomes on account of its slow azimuthal motion a very convenient 
object for observation for the purpose of determining the azimuth 
of the referring mark. For this purpose, the elements which are 
required to be known with reference to it, are three in number, and 
they are as follows :—Ist, the time of the elongation, 2nd, the star’s 
azimuth, and 3rd, its altitude. The formule whereby these elements 
may be computed are given below :— 

lst. For Horary Angle, .. cosP = tane tan 
2nd. For Asimuth, ...... sinA = sine sech 
Srd. For Altitude, .see.. sin Alt == seow sind. 
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In these expressions, @ stands for the star’s north polar distance, 
and » for the latitude of the place; P, A, and alt. being the 
required elements, the first, the star’s Horary Angle, the second, its 
azimuth, and the third, its altitude. 

Tyres or ComPurATION. 

@ Urse Minoris observed at Kaliana, G. T. Station, on the afternoon of the 5th 
October, 1836. 

5 North Polar distance e = 1 98 48°74 
Latitude of Kaliana .... ) == 29 30 49. 


Tana . 8°4357077 Sme . 84355468 Sece .. 0°0001615 
Zany, . 9°7628827 Sech.. 0 0603616 Snr . 9 6925211 


CosP . 81885904 SA... 8 4959079 Sin alt . 9 6926826 
P= 89 6 55°56 42147 42°56 Alt, = 99 31 32'48 


When the Horary Angle is brought out in the way directed 
above, it will be in space, and will require to be converted into time. 
When this reduction is made, the resulting elements added to or 
subtracted from, the star’s apparent right ascension, will furnish 
the siderial time, in the former case of the western, and in the 
latter of the eastern elongation, which siderial time may be con- 
verted. to corresponding mean solar or chronometer time, as may be 
required, agreeably to the precepts given in Chapter V. 

EXaMPLez. 

Thus the Horary Angle computed above, converted to time, will be 5° 56,, 27* 70, 
and the star’s apparent nght ascension is 1" Im 42 72°, hence the sideral times of the 
eastern and western elongations are 19" 5™ 15*02 and 6" 58™ 10°42, the same in mean 
solar time being 6" 8™ 20°, 175 69™ 19°. 

After the preliminary computation has been gone through, the 
next step 1s to take the required observation upon the circumpolar 
star, which may be done in the following manner:—About a 
quarter of an hour before the maximum elongation, plant the 
theodolite over the station dot, and perform thereon all the neces- 
sary adjustments. This done, take areading to the referring mark. 
To this reading apply the angle* between the referring mark and 


* It will be sufficient if this angle is known to within 2’ or 3’, and a result within 
this limit may always be obtamed in the following manner —Determine an approxi- 
mate azimuth of the referring mark by an observation upon the sun as explamed at 
pp. 590, 591, add this azmmuth to the star’s azimuth or subtract one from the other, 
according as the referrmg mark and the star lay on‘ different or on the same side of the 
meridian the sum or difference so derived, will be the angle sought, 
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the star, the resulting reading is obviously the azimuthal direction 
of the latter. When the instrument is set in this direction, and the 
telescope raised to the computed altitude, intersect as accurately as 
possible the star, which will be found near the cross wires. The 
maximum elongation not having as yet occurred, the star will be 
receding from the meridian, continue therefore intersecting if, 
until it reaches the utmost limit in the direction of its motion. 
When an intersection has been obtained at that limit, read off the 
instrument, after which take a second observation to the referring 
mark.* 

The mean between the two readings of the referring mark may 
be treated as one reading, and the difference between it and the 
reading of the star will be the angle between the two objects ob- 
served, which angle being applied to the star’s computed azimuth, 
will farnish the azimuth of the referring mark. 

The observation above mentioned, appertains to one of two faces 
of the zero, to which the instrument was set. On the succeeding 
night, a similar observation will require to be made on the opposite 
face of the same zero. In this way all the zeros being disposed of, 
the mean of all the observations will be the true azimuth of the 
referring mark. 

Whenever practicable, the azimuth of the referring mark ought 
to be derived from two elongations of a star. When this can be 
done, the deduced azimuth will not be affected by the errors which 
may exist in the given latitude and north polar distance. On the 
other hand, an azimuth obtained from a single elongation will be 
impregnated with the full effect of those errors.f 

* This process will not be necessary when a good chronometer is at hand, because 
the time of the maximum Elongation being then accurately indicated; an observation 
on the star at that instant, will furnish the angle sought. 

¢ As the apparent North polar distance of a star is continually changing its value 
from one dsy to another, it is clear that the horary angle and the azimuth, which are 
derived from it, will require a fresh and independent computation, for every elongation 
observed. This is a tedious process which may be easily avoided by using the follow- 
BP (in seconds of time,) == —' ot 208 305 
84 (in seconds of space,)== sec R. coseo P.8@ 
wherein 8 stands for the variation (supposed to be given in seconds) which has taken 
place in the star’s North polar distance mnce the lst dey’s observation, 8P, 8A being 
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It ought to be mentioned at this place that prior to the year 1882, 
all the azimuths in the Great Trigonometrical Survey of India 
were determined by observations taken to stars at their maximum 
elongations. The method is susceptible of great accuracy, as will 
appear from an inspection of the following Table extracted from 
Col. Everest’s Indian Arc, published in 1830, and containing a re- 
cord of the observations made on « “ Urse Minoris” at the time of 
its western elongation, together with the azimuths of the referring 
mark deduced therefrom. 
the corresponding alterations, the former in the horary angle, and the latter in the 
azimuth compute therefore the azimuth 4, the horary angle P, and the altitude of 
the star for the first elongation observed, and then making ée the difference between 
the North Polar distance on the Ist and any subsequent day of observation; deduce 
8P and 34, and apply them respectively to P and .4, the resulting terms will ob- 
viously be those which appertain to the star’s polar distance @ +- 3a. 

As to the signs of &P and 64, it will be remembered that the former will be negative 
and the latter positive, when the star’s North Polar distance is increasing; and that 
they will be of the contrary affections when the North polar distance is diminishing. 
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CHAPTER VII. 


Tae MeErTHop oF DETERMINING THE AZIMUTH OF THE REFERRING 
Mark, FROM OBSERVATIONS TAKEN TO A CIRCUMPOLAR STAR 
NEAR THE TIME OF ITS MAXIMUM ELONGATION, AS PRACTISED IN 
THE Great TRIGONOMETRICAL SuRVEY oF INDIA, ALSO ON THE 
MODE OF FINDING THE VARIATION OF THE NEEDLE. 


Ir is clear that when a circumpolar star is taken in the way des- 
cribed in the preceding chapter, only one observation can be made 
at one elongation. This is a great limitation of the powers of the 
observer. To extend this power, the procedure, introduced by Col. 
Everest into the Trigonometrical Survey, consists in taking a 
circumpolar star, a certain number of times before and after its 
greatest elongation ; and in subsequently reducing these observa- 
tions to the star’s maximum position, and then working out the 
azimuth as before explained. In addition to a theodolite, a good 
chronometer is absolutely necessary to carry this process into effect. 

Col. Everest’s method of taking a circumpolar star may be des- 
cribed. as follows :—About an hour before the maximum elongation 
of a star selected for observation, the observer will adjust the theo- 
dolite over the station dot, and set it to a given zero. When this 
is effected, take a reading to the Referring Mark; and then having 
fixed the telescope to the star’s computed altitude, move it azi- 

‘muthally by the hand, until the star appears in the field of vision. 
Now fasten the horizontal clamp, and by the usual appendages of 
slow motion, place the star in the upper angle of the wires, if it is 
descending, or in the lower angle, if it is ascending. This done, 
call out to the assistant to count the seconds’ beats of the chrono- 
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meter, at the same time watch the star’s approach to the intersection 
of the wires. As soon as the star comes over the said intersection,* 
mark the time, and then read off the azimuthal limp. Now loosen 
the horizontal clamp, and after moving the telescope by the hand a 
few degrees in advance, bring it back to the star, and then take 
another intersection thereon in the same way as before; after which 
lower the telescope and make an observation on the Referring Mark. 
This will complete a set of observations on one face of the theodo- 
lite. As to the manner of treating these observations, it will 
perhaps be useful to note that one angle will be derived from the 
first pair of the readings of the Referring Mark and the star, while 
another angle will be obtained from the second pair of the readings 
taken on the same objects. 

When observations on one face of the instrument have been 
made as described above, the observer will now reverse the face of 
the theodolite, and take a second set- of intersections similar to the 
first. In this manner, when he has done with one face, he will 
revert to the other, until, as may be required, four or six changes 
of fage are regularly gone through. This will complete observa- 
tions on one zero, at a given elongation of a circumpolar star. 

The system of changing the zero of a theodolite as explained at 
pp. 374-875 will require to be practised in circumpolar star ob- 
servations in the same rigorous manner as in observations on 
terrestrial signals ; for the graduation errors which that procedure 
is supposed to correct, have a tendency to vitiate equally the two 
classes of observations, and in both cases, therefore, they must be 
eliminated by similar arrangements and artifices. When a circum- 
polar star is being observed, it is convenient to adjust the changes 
of zero by the Referring Mark. 

The following is a specimen of the Angle Book for registering 
circumpolar star observations. 

© To do this well, will require a little practice. After two or three trials, the ob- 
server will know the direction of the star’s motion, and when he has acquired this, he 
will intuitively place the cross-wires, so that the star may at once come upon it. 
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SPECIMEN OF THE ANGLE BOOK 
a Urse Minoris at Eastern Elongation, observed at Kaliana, G. T. Station, on the 
afternoon of the 5th October, 183 





To obtain the best angles which a theodolite is capable of furnish- 
ing, the motion of the telescope, whether proceeding from the 
Referring Mark to the star, or vice vered, should be continuous and 
in one direction, never allowing the telescope or rather the cross 
Wires contained therein, to pass the object to be intersected, and 
then be brought back to it. This mode of taking an observation, 
although difficult at first, is rendered very easy after a little 
practice. 

With a view of computing those observations, the first thing to 
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be done is the conversion of the observed chronometer times to cor- 
responding siderial times, the mode of executing which has been 
explained in Chapter V. When this reduction is made, take the 
difference between the siderial time of each observation and that of 
the maximum elongation, and convert it into space. Let &P stand 
for the elements so derived. 

Now &P being the interval elapsed between each observation and. 
the star’s maximum position, the term, which is now required to be 
known, is the azimuthal variation 24 corresponding thereto. This 
term may be computed by the following formule : 

lst. When the star is observed below the maximum position. . 

2 sin? 2 SP 
anP cot 0 cos 0 {1 + tanto cos BP +. 200% cotP sin BP } 


2nd. When the star is taken above the maximum position. 
FT oF ec 
simnP cot @ cos {1+ tan? @ cos &P — sec*e cotP am §P } 


in which as stated elsewhere » represents the latitude of the place, 
@ standing for the star’s North polar distance, and P for the horary 
angle at its maximum position East or West.* 

These formule have been investigated by Babu Radhanath 
Sickdhar, chief computer to the Great Trigonometrical Survey, and 
are applicable to all circumpolar stars, irrespective of the lengths of 
their North polar distances, and they are now used in all the rigo- 
rous computations of the Great Trigonometrical Survey. 

The terms 24 being computed and applied to the observed angles, 
we obtain the angles as if taken at the star’s maximum elongation. 
To these angles, the star’s computed azimuth being applied, the re- 
sulting elements will be the required azimuths of the Referring 
Mark. 

It will be seen that this deductive process, although suited to the 
requirements of a Trigonometrical Survey, will prove much too 
operose, if applied to an operation of a lower order. To meet the 

* As the etar ascends on the East side of the meridian, the observations made before 
the Eastern elongation are reduced by the first formula, and those taken after, are com- 
puted by the second. In the Western elongation, a contrary procedure 1s followed, 


because the star is descending, the second formula being used in deducing the prir, 
and the first in computing the subsequent observations. 


tan 6 A= 
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wants of the latter, therefore, we will describe an approximate 
method. of computation, derivable from the above formule, and 
which when applied to « Urs Minoris, will not produce an error 
of a second in the result. 

This approximate process of computation is as follows : 

Ist. Compute the following constant logarithm. 

0-29808 ++- log sec  +- log tan @ -+- log. cosec P. 

Qnd. Compute as accurately as the means will allow to the 
nearest second, the chronometer time of the star’s maximum elon- 
gation observed. 

8rd. Compute the chronometer interval elapsed between each 
observation and the maximum elongation, and convert it to minutes 
and. decimals thereof. 

4th. Take the logarithm of the interval converted to minutes as 
directed above, double it, and add thereto the constant log, deduced 
according to precept Ist. The natural number answering to the 
sum is &A in seconds. 

5th. In making this computation, the logarithms used need not 
be carried beyond 5 decimals. 

To carry this method into effect, we would recommend to the 
Surveyor to derive his azimuths from observations made to « Urse 
Minoris alone, which is a star generally known, and of easy recog- 
nition. The chronometer time of the star’s Eastern or Western 
elongation (as the case may be) being deduced, two pairs of angles 
may be taken before, and two pairs after that event, as described at 
pp. 617, 618. The corrections to these angles being computed by 
the approximate process, and applied, we shall have the angles at 
the star’s maximum position. When these angles are combined 
with the star’s computed azimuth, there will result the required 
azimuths of the Referring Mark. 

Type of Computation by the Approximate Process. 
Take the observations made at Kaliana, on the 5th October, 1836, 


given at p. 619. 
let esi bamaicar 


Constant Log. as per Rule . “a - 0°29803 
Latitude of Kaliana .........cceceseeces = 29 7 49 see 006086 
= oe Distance. . 1. cesses = = 183 44 tan 848573 ~ 
orary Angle. ......, oe. vee P= 89 6 56 
ane. 613} cosee 0 00005 
Required Constant Log. .. .. St amipeeecauinng 378917 
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& A from the following Computation applied to the Observed Angles. 


o 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


mat end peed pet fet red pet eed pk fet eet et © 








Mean Angle at the time of Maxmmum Elongation .. .... ..... i 47 & 
@g Azimuth ode p. 613 2... ccc cece e cece cece te cnnssscesene 1 47 48 
Azimuth of the Referring Mark West .......c0c00 22 secese 00 1 





The azimuth of the Referring Mark having been deduced by any 
Varisthon of the Of the preceding methods, a simple observation 
needle. with any magnetic instrument is only necessary, 
to ascertain at once the variation of the needle, by accurately fixing 
the theodolite over the station dot, and taking a series of magnetic 
bearings to the Referring Mark. The difference between the mean 
of such Readings and the computed azimuth, is the required varia- 
tion, which will be East or West according as the true azimuth is 
greater or less than the magnetic, supposing the azimuth is reckoned 
from North by East. Hence to obtain the true azimuth when the 
variation is Kast, add it to the magnetic bearing, and if West, sub- 
tract it. It is unnecessary to enter further into this subject beyond 
what is required for practical purposes. All the chief works on 
navigation treat of the variation of the compass in different parts 
of the world, and to such works the reader is referred for’ farther 
information. In India the magnetic variation is about 24 degrees 
East. 
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CHAPTER VIII. 


Tre Mernons OF DETERMINING THE LATITUDE OF A PLACE. 


In the methods of computation which have already been treated 
of in the preceding chapters, for the determination of the error of 
the chronometer and of the azimuth of the Referring Mark, the 
latitude of the station of observation is supposed to be given. If 
this element can be derived from the Great Trigonometrical Survey, 
the best thing which the Surveyor can do, is to use it at once, a8 it 
would be superior to any determination, which he is likely to effect 
for himself with the limited means at his disposal. On the other 
hand, instances will frequently occur of the Trigonometrical Survey 
not having extended to those districta, which are being traversed 
over by a revenue or topographical operation : in such cases the re- 
quired latitudes of places, must be derived from observation alone. 
It is the object of this chapter to explain the method of making and 
computing such observations. 

With this view we will suppose that on a fine clear morning the 
Surveyor has arrived at the origin of his operation, furnished with 
a theodolite, possessing a complete vertical circle, together with a 
chronometer and a Nautical Almanac, and that heis ignorant of the 
geographical position of the place where he is standing, as also of 
the direction of the meridian, and the error of the chronometer. 
Under these circumstances, the first thing he will have to execute 
is to put up the theodolite and make an observation upon the sun 
as directed in Chapter IT., and then taking out the latitude and 


longitude of the place from the best map which may be within his 
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reach, he will compute the error of the chronometer and the chro- 
nometer time of the apparent noon. This deduction will not be of 
@ very rigorous character. This however is a circumstance which 
will entail no inconvenience, as the object of this process is only to 
ascertain tW® approximate time of the sun’s passage over the 
meridian. 

About a quarter of an hour before the chronometer time, computed 
as mentioned above, of the apparent noon, the Surveyor will intersect 
the sun’s upper or lower limb as may be convenient. As the appa- 
rent noon has not yet occurred, the sun will be ascending, he will 
therefore follow up the intersection of the selected limb until it 
reaches the highest elevation. When an observation has been 
obtained at that limit, he will read off the vertical circle of the 
theodolite. 

This vertical reading will be the meridtonal altitude of the observed 
limb of the sun. It is however taken on one face, and will there- 
fore be impregnated with the index error of the instrument. The 
amount of this error may be determined in this way. Take any 
fixed well defined and high terrestrial object and observe its eleva- 
tion on both faces of the theodolite, half the difference between 
these elevations is the required index error, additive to the face 
which gives the dower, and subtractive from that which furnishes 
the higher altitude. The index error of the instrument may 
be determined before or after the sun’s observation as may be 
convenient. 

‘When the observed altitude has been cleared of the Index error, 
the next corrections to be applied thereto, are refraction and paral- 
lax, the mode of computing which will be found in the appendix. 
After the observed altitude has been freed from the Index error, re- 
fraction and parallax, if may now be reduced to the sun’s centre. 
This reduction is thus performed. Increase or diminish the observed 
altitude corrected as described above by the sun’s semi-diameter 
according as the lower or the upper limb was intersected; the 
resulting arc is the required altitude of the sun’s centre. 

When the elevation of the sun’s centre is known, it is easy to 
compute the latitude of the place. According as the sun’s declina- 
tion is South or North, add it to, or subtract it from the said 
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elevation, the sum or difference so obtained will be an arc, the dif- 
ference between which and 90° is the latitude sought. 





EXAMPLE. 
The sun was observed at Hatipaon on the 26th November, 1838 
Observed meridian altitude of the ©'s upper limb...... ..... 3p 818 
DHAGK OFFOK ie. eo cscchw resiaeaans esa ddhew: cade eees - 34 
Refraction and Parallax ........ ae ee ee Ce ee 1 5 
©'s Semi-diameter ....0 0 0. weneccnee ce oe 16 14 
True altztude of the ©’s centre .......0sseecees ; . .-- 88 61 33 
©’s South declination . . G. vogeaeere ae 20 42 15 
Sum ........ - F ee. ‘ - « «« 59 33 48 
Latitude of Hatipan .... . ra . 80 26 12 


If similar observations are made for eight or ten days in succes- 
sion, and wrought up in the way described above, the mean 
latitude resulting, will be sufficiently accurate for the bringing up 
of the azimuth deduction. 

But probably on the third or the fourth day, the error of the 
chronometer will be known with great nicety ; in which case it will 
not be necessary for the Surveyor to limit himself to a single 
observation of the sun per day. He may, for instance, take four 
altitudes before, and four after the apparent noon, marking down 
the chronometer time of each observation. In taking the altitudes 
with a Theodolite, he will observe one limb first and then the other; 
after which the face of the instrument being reversed, he will make 
two other observations similar to the first. This done, he will 
change the face again, and observe in the same way as before. 
In this manner four changes of face may be gone through during 
an interval of twenty or twenty-five minutes, taking care that half 
this interval falls on one side of the apparent noon, and half on the 
other. In case of no Theodolite being available, a good sextant 
may be used. 

As to the manner of reducing these observations, it must be 
noted that the observed altitudes will, in the first instance, require 
to be corrected. for the index error, and sun’s semi-diameter. When 
this is done, the resulting elements will be the altitudes of the 
sun’s centre. These not being observed on the meridian, will re- 


quire to be reduced thereto in the atoning manner :—Take the 
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difference between the chronometer time of each observation and 
that of the apparent noon, and reduce it to sidereal interval. Again 
convert this interval into space and designate the resulting quan- 
tity by ap. 

The term®p for each observation being deduced, and the sun’s 
declination (d), and the approximate latitude north (») of the place 
being known, the required correction for a given altitude may be 


computed by the following formule,— 
When the declination +s North. 
2cosd cos) sin’ $ 6 p 


= unl” sin(é ~ )) * 
When the dechnaten ts South 
, .. 2cosd cosy, sin* 3 8 p 


~ “aaTain(d A> 

The correction 2’ brought out in this way, will be in seconds— 
and when added to the given altitude will render it meridional 
altitude. From the meridional altitude of the sun’s centre, the 
latitude may be computed as directed before. 

As an illustration of the computation of these formule, take the 
following observations made on the Sun at Hatipaon, on the 2nd 
December 1838, with Gilbert’s Sextant No. 1 and Hare’s Chrono- 


meter : 
Index error of the Sextant = 65" to be appled negatwely. 





serv Deduced Elements of the 
3 = © centre. 
Objects Observed. ‘sisbadan “cod 
Double Chronometer 
Altatudes Times, rected for Index rol 
7a 44 40 ; volo” a, ee 
’s L L 11 
os UW 1. 75 49 30 | 21 18 0 | 3% 388 5& | 21 17 30 
SEE LHS S/R wo |v ew | a wo 
a LL. L. "4 45 26 | 21 21 O 
S U. L | 76 49 60 | 21 22 9 | 37 38 21 | 21 21 30 
e U. I. 75 60 OO] 21 23 O 
oe L. LL. | 74 44 365 | 21 2 9 | 87 38 11 | 21 23 380 
aL L 14 45 O | 21 25 O 
or U. L. | 75 48 80 | 22 26 0 | 37 87 56 | 21 25 30 


Barometer ==: 23°688 Inches. Thermometer == 49: 5 
* The terms (d » 2) and ( @ -+ )) represent meridional zenith distances, 
CHAPTER vii. | 282 


628 


In this Table the mean of the altitudes of the sun’s upper and lower limbs has been 
taken as the elevation of the sun’s centre, the chronometer time corresponding thereto 
being the mean of the two observed times. This ia a process which is only approx- 
imately correct, the rigorous procedure as required by the rule, consisting in the separate 
reduction of the individual observations to the sun’s centre; a method of computation 
which has been dispensed with in the present instance, on account of the lumted 
accuracy of the observed data. It ought to be remarked that when two altitudes, one 
taken before, and the other after the apparent noon, are combined as 1s done in the 
Table, a positive error will be produced in the result. Consequently the two observa- 
tions taken under the latter circumstances will require to be corrected for semidiameter, 
and separately reduced. 

Deduction of the foregomg observations. 
Constant Log Computed 


@’s South Declination 20.0... 00 weveeee d= 21 55 $4 .. Cos. 1°96739 
Approximate Lat of Hatipaon .. =... se X= 30 26 12 . Cos. 193560 

d+, = 52 21 46 .. Cosec. 0°10133 
Te BAU Conse 1! 5 aoc escowsevatewede Keak oS 2 endans 6°61546 





Constant log. .  . .. dca pwns wile Wake: Kdaeaeeebeewen. ae -O GLote 


























hms hms bms hms h ms. 
Observed Chronometer Times 911730 211930 212330 212330 212530 
om om e of Appa- 
meuyied © B } 212059 212059 212959 212059 212059 
Chronometer Time 0322 0199 O03] O28 0 431 
3p) Sidereal Time 0 32957 0 12924 0 03108 0 23141 0 43174 
Space 0522355 0221860 0 74620 0875115 0675610 
aap 0212 «O11 8 0 853 01856 08358 
aT 788202 751100 705993 774095 799477 
»} 788202 751100 7052993 774095 799477 
Constant Log. 561978 561978 561978 561978 561978 
Log. = 138882 064178 172564 110168 160082 
Pad : +4 44 41 +18’ +44)’ 
Qbeerved Altitudes 8738 5 878816 878621 873811 3787 55 
Reduced Merdional Altstudes 873829 873820 873822 373824 873836 
a 
Latitude of Hatipaon deduced 
Mean Menidional Altitude : 87 38 36 
Refraction and Parallax .....,... — 63 
Corrected Altitude . - . 8% 87 38 


(©’s South Declination .. .... 21 655 34 
Sum s¢ s e@euvs@ ee ee ee sense 69 33 7 
Latitude . v see seee we «680 26 «58 


What has been said regarding the sun is likewise applicable to 
astar. Suppose an altitude is taken to the latter in the same 
manner as the former is directed to be observed. This altitude 
being cleared of index error and refraction, and then if necessary 
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reduced to the meridian, the latitude may be deduced therefrom in 
the same way as in the case of the sun. 

The observations we have described above as leading to the 
determination of the latitude of a place, whether made on the sun 
or a stur, arb supposed to be taken on, or near the meridian. There 
is a method, however, whereby the latitude may be deduced from 
an observation on Polaris (2 Urss Minoris) made at any time 
without reference to its position with regard to the meridian line. 
The elements required in this deduction are, 1st. The time of the 
observation, and 2nd. The observed altitude; and when these are 
forthcoming, the necessary computation may be easily made by the 
aid of the rules and tables given in the Nautical Almanac, to which 
the reader is referred for further information on the subject. The 
method is simple and may be practised with great advantage in 
the Revenue Survey. 

Whenever, however the meridian line can be traced, the 
observations made thereon for the determination of latitude would 
be preferable to all others both in point of accuracy and facility of 
reduction. These observations may be made with a Theodolite in 
this way. Place the instrument in the plane of the meridian, and 
take the altitude of ten or twelve stars so selected that half the 
number may be situated to the North, and half to the South of the 
zenith, none being further off than 15° from that point. The 
observations must be continued for a week or ten days, the face of 
the instrument being reversed after each observation during the 
night, at the same time taking care that the same star is taken on 
opposite faces on two successive nights. The latitude resulting 
from such data would be as trustworthy as could be desired. 

Suppose after the completion of the observations it is discovered 
that the Theodolite was not adjusted to the meridian, but was set 
in a plane which was inclined thereto by a small angle which we 
shall designate by &4. It is evident that in such a case the 
observed altitudes are not meridional altitudes. To make them 
meridional however, a correction of the following form will only 
require to be computed for each star, and added to the observed 


elevation,— 
i 8 4 cos D cos @ 


2 cos d cosec 1” 
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In which expression stands for the approximate latitude of the 
place, d for the star’s declination and a for the observed altitude, 
the resulting correction y’ being in seconds. 

Another method exists for determining the latitude of a place by 
taking the elevations of a circumpolar star at its upper and lower 
culmination. When such observations are made, half the sum of 
the elevations cleared of index error and refraction will be the 
latitude required. This is a method however which cannot always 
be conveniently practised in this country, on account of the small 
altitude of the circumpolar star at its lower meridional passage, 
when it will be often involved in the mist which surrounds the 
horizon. 
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LONGITUDE. 


THe Longitude of a place may be defined to be an arc of the 
equator intercepted between the first meridian, and that passing 
through the given place. The selection of the first meridian from 
which longitudes are measured, is entirely arbitrary. The English 
use the meridian of the Royal Observatory at Greenwich as 
the first meridian, and reckon all longitudes to the east and 
west thereof. On the other hand, le premier merudten of the 
French Geographers passes through the Paris Observatory, which 
is 2° 20° 15" east of the former. 

The longitude of a place is as often given in space as in time, 
the reduction of one measure to the other, being made at the rate 
of 15° an hour. Thus the longitude of the Dome of the Govern- 
ment House in Calcutta may be indifferently stated at 88° 23° 27" 
or 5h. 53m. 33°8s. east of Greenwich, and in this proportion of 
space into time, the Tables on page 591 have been constructed. 

The reason of reckoning the longitude in time, is this; suppose 
of two places .4 and B, the time at A is given, it is required to 
determine the corresponding time at B. This is a problem of great 
astronomical importance, and when the difference of longitude 
between 4 and B is given in time, it may be easily solved in this 
way: According as B is to the east or west of A, add the difference 
of longitude to, or subtract it from, the given time at A, the sum 
or difference so obtained, will be the required time at B. Thus 
CHAPTER IX. | 


632 


when it is 7h. 22m. 40s. P. M. in Calcutta, it will be lh. 29m. 62s. 
P.M. at Greenwich. 

On the converse operation to this process, are based the astrono- 
mical methods of determining the longitude of a place. For instance 
if at any moment, the times at the stations 4 and B are known, 
the difference between them is the difference of longitude sought, 
B being east or west of A according as the time at B is greater or 
less than the time at A. The time at B, the observer’s station, 
being found by any of the methods laid down in the preceding 
Chapters, that at 4 or the first meridian, is the required element 
in the determination of the problem. 

These principles being premised, we cannot do better than give 
the following memoranda of instryction furnished by the Astronomer 
Royal, Mr. Airy, to the Officers deputed to mark the boundary 
between the British Territories in America and thé United States 
of America ; which instructions duly carried into effect, will give 
the longitudes of places with the accuracy required for all ordinary 


geographical purposes. 





OBSERVATIONS FOR THE ABSOLUTE LONGITUDE 
OF STATION. 

On the Boundary Survey these were determined entirely by observing the transits of 
the moon, and moon culmmmating stars. No other method 1s equal to it for accuracy 
and simplicity combined Though this proved to be the case, the followmg paper of 
instructions, given by Mr. Airy, the Astronomer Royal, 1s so valuable, that 1t 1s con- 
sidered nght to insert the u hole of 1t, as it cannot fail to be of service to all who have 
to make observations for longitude 


Observations for the Absolute Longstude of one Station. 
1, The observations applicable to this determination will be the following -— 
(a) Dastances of the moon from the sun, or a star 
(f) Transits of the moon. 
(y) Zenith distances of the moon. 
(6) Occultations of stars by the moon.* 
e) Eclipses of Jupiter's satellites. 
2. (a) Lunar distances.—It 18 nec essary to combine with these observations of the 
zenith distance of the moon, and of the sun, or star, and the following order will 
probably be found best for observation 


® In former times, the lunar and solar eclipses (particularly the former) were mado 
use of to determne the longitude of a place;—but theso not being susceptible of 
accurate observations are no longer used for this purpose. The mode of making 
observations on these Phenomena are well explained in the Penny Cyclopedia 
“¢ Article Longitude.” 
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Several lunar distances to be taken with the utmost accuracy (noting the time of 
each by the standard box chronometer, whose error can be found by transits on the same 
evening ) 

A zenith distance of the moon (noting time) which need not be very accurate. 
A zenith distance of the star (noting time) which need not be very accurate. 
Several lunar distances. 

A zenith distance of the star. 

A zenith distance of the moon. 

Several lunar distances. 

Taking the mean of each group of distances, and then the mean of those means, and 
the means of the corresponding chronometer times, 1¢ will be easy, from the observed 
zenith distances, to deduce the zenith distances at these same times; and thus all of 
observation 1s completed. 

8. For the reduction of those distances, the accurate method only should be used. 

4. It must be borne in mind that, on any night, observations ought to be made of 
distances from stars on both sides, that particular care should be taken to make the star 
sweep on the moon’s limb, and that observations should be made after full moon as well as 
before 1t. In using the sextant the index erfor ought to be determined as near as may 
be to the tame of observation. In using the reflecting circle, the three vermiers should 
always be read. In usmg the repeating reflecting circle, the two vermiers of that arm 
which 1s read should always be read. 

6 It will probably be best to defer the reductions of the observations. 

But uf there 18 leisure, you may proceed with the following cautions, some of which 
arc not usually considered by nautical computers With the Greenwich tame, by 
account, compute the moon’s “Honzontal Parallax,” from the Nautical Almanac 
(which 1s egwatorsal horizontal parallax) and “semidiameter” which 18 geocentri 
semidiameter. : 

For the spheroidal form of the earth, multiply the equatorial horizontal parallax by 
1—e sin? latatude, or diminish it by the part expressed by eX sn? latitude (which in the 


boundary latitudes will not sensibly differ from —_ part, or 5’ to 6”), and you have the 


true horizontal parallax, to be used mm every part that follows. 

Multiply the geocentrec semudameter by 1-+4- cos moon’s zenith distance % sim horizon- 
tal parallax, und you have the augmented semidiameter, to be used in every part that 
follows. 

Apply the augmented semidiameter (and also the sun’s semidiameter, 1f the sun was 
the other object,) to the observed distance, additively if the nearest hmbs were observed, 
subtractively 1f the opposite, and you have the observed distance of centres. Call 
this D. 

To the moon’s observed zenith distance of mb apply the augmented semidiameter, 
and you have the observed zenith distance of moon’s centre 

To take mto account fully the spheroidal form of the earth, compute the “angle of 
the centre” for the place by the formula 11’ 25” \ sin? latitude, (which for the 
boundary latitudes will not sensible differ from 11’ 25 ), and dimimsh the moon’s zenith 
distance by angle of the centre X cos azimuth from south, or crease it by angle of the 
centre X cos azmmuth fiom north (if the sun be north of the east or west). When the 
zenith distance 1s so altered, call 1t Z. 

Do the same for suns centre and call the result £. If the other object were a star, £ 
18 sumply the zenith distance, affected by angle of the centre X cosine of azimuth. 

6. For the zemth distance {, add the refraction computed as usual, and (Qf the sun) 
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subtract the parallax computed by the formula 8” -7 sin £, and the result is true zenith 
distance of sun or star. Call this £’. 

For the zenith distance s, add the refraction computed as usual, and subtract the 
parallax computed by the formuls, true horizontal parallax < sin ¢, and the result is 
true zenith distance of moon’s centre. Oall this ¢’. 

7. Then the computation for the true distance of centres, or D’, is this — 


sin tit, ein E—D, an 4’, ein £° 


Make cos * @ = 
an + £ sin z, sin £ 


Then sin 2 sin’ + © sin g 


This form of calculation is accurate 

8. When the corrected distance of centres 1s thus obtained, 1tis to be compared with 
the distances given for every three hours in the Nautical Almanac, and by taking 
proportional parts among them, the Greenwich mean solar time will be found. Then I 
recommend that this Greenwich mean solar time be converted into Greenwich sidereal 
time, and the difference between this and the adereal time of observation at the place 
will be the longitude of the place. 

9. (8) Transits of the moon;—a very simple and tolerably accurate method; but 
as only about eight observations can (usually) be taken na month, and as the moon can 
be observed at no tame but on the meridian, it will not be safe to rely upon it, except in 
a remdence of many months’ continuation. 

10. The process of observing 1s simply to place the transit instrument m good 
adjustment, and to observe transits of the moon’s bnght limb, of clock’s stars, and of 
stars given in the section, ‘* Moon culminating stars” of the Nautical Almanac, Then 
inferring the clock error either from the clock stars or from the moon culminating stars, 
and applying this clock error to the observed time of transit of the moon’s limb, you 
have the nght ascension of the moon’s limb at passage 

11 To compute from this the longitude. First 1t must be remarked, that in the 
section of the Nautical Almanac, the mght ascension of the bright hmb only at transit at 
Greenwich 1s given, but, as the duration of semidiameter’s passage 1s given, by adding 
or subtracting twice this quantity, you may obtain the nght ascension of the other hmb 
at transit at Greenwich. Thus in the following computations you will be able to collect 
right ascensions at Greenwich transit all for the 1Z, or all for the 2Z, according as the 
IL, or the 2Z is observed at the place. Having formed these, (if necessary) take the 
right ascension for the Greenwich transit corresponding to the observation, for the pre- 
ceding day, for the fullowing day, and for the lower passages which fall between them ; 
place them in proper order, and take theur differences as far as the fourth difference 


—thus- 
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Differences. 
Preceding day... .sseses 4 Ist, 2nd. Sri. 4th. 
1 
: ae? 24 
Lower passage preceding . ae a =i a" 
0 — 

i r ; ra 
Corresponding day . 4 nD : A" 
Lower passage following ..... A ‘ A” 

AE 
Following day .. «+.sseew. A a 
2 
Form the ooeffiaents ¢ = 4 
4,44, 
” ” a= 19 
A" 

” ” —— 

L’+ LQ’ 
po ag 

” ” — 9 





Then the right ascension of moon’s mb at transit in west longitude LZ will be 
2 3 
A+ bx (ae) te % (ae) + 4x (ae) + 6x (se) 


12, As the longitude of the station by account will not be greatly in error, the 
easiest method will probably be to assume two values for L, one five minutes greater, 
and the other five minutes less, than the longitude by account (or when more accurately 


known, one one minute greater and one one minute less). The logarithms of <x &e. 


for these two values can be prepared and will alwaysbe ready Then compute from the 
last formula the nght ascension on each assumption, find the change produced by ten 
minutes or two minutes of longitude, and find by proportional parts what alteration 
must be applied to the smaller longitude, in order that the right ascension by formule 
may agree with nght ascension by observation in 10. 

VERY GREAT CARE must be used throughout this operation, to apply the signs 
STRICTLY ACCORDING TO THE RULES OF ALGEBRA 

13. (y.) Longitude by zemth distances of the moon. This isa very good method 
provided the observations be made not very far from 6 sidereal time (whatever may be 
the season of the year). It would fail if the sidereal tume were near 18h, 

Thus in spring (equinox) the most favourable time of day would be an hour or two 
before or after six in the afternoon. 

In summer (solstice) an hour or two before or after noon 

In autumn (equinox) an hour or two before or after six in the morning. 

In winter (solstice) an hour or two before or after mdmght. 

The age of the moon 1s of little importance, provided that sometimes the preceding 
lamb, and sometimes the followmmg hmb is observed. 

14, For the observation, I recommend that the altitude and azimuth instrument be 
well adjusted, and that the transits of the moon’s mb, in its slopmg upward or down- 
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ward motion, be observed over all the horizontal wires, and that the mean of these times 
of transit be held to apply to the observation on the middle horizontal wire. (If it is 
certain that the wires are truly horizontal, the instrument should be kept unmoved, if 
this is not certain, the horizontal tangent screw should be used to make the moon pass 
each wire at its middle.) Then read the microscopes and levels, reverse, and do the 
same again, Thus the apparent zenith distance of hmb will be known with great accu- 
racy at a certain chronometer time. The chronometer error being ascertained from 
observation of stars, the mdereal time will be known. 

15. Compute the refraction and the parallax (the latter by the formula, true horizon- 
tal parallax X sine apparent zenith distance of limb, corrected by the quantity angle of 
centre X cosine azumuth,) and applying them to the apparent zenith distance of hmb 
(adding refraction subtracting parallax), you have geocentric zemith distance of limb. 
Apply to this the semidiameter as taken from the Nautical Almanac, and not augmented, 
and you have the geocentric zenith distance of centre. 

16. The longitude by account bemg nearly known, assume two longitudes, one 
greater and one less. For each assumption, apply the longitude to the mdereal tame at 
the place, which gives the sidereal time at Greenwich. Convert this into mean solar 
time at Greenwich, with this mean solar tame and the hourly ephemeris of the Nauti- 
cal Almanac, compute the moon’s right ascension and N P. D by simple proportion of 
the hourly change Then proceed to find the hour angle, exactly as 1f 1t were a star, 
uamg the geocentric zenith distance of centre, the co-latitude of the place, and the 
N.P p. just computed. Apply the hour angle to the right ascension, and thus obtain the 
computed sidereal time ; obtaining two computed aidereal times from the éwo assumptions 
of longitude, you will find (as m other cases) what correction must be apphed to the 
smaller longitude, in order to make the computed sdereal time agree with sidereal tame 
at the observation of the moon. 

17. (8) Longitude by occultations of stars by the moon. Suppose the disappear- 
ance of a star behind the moon, or the reappearance of a star from behind the moon, 
has been observed, and the chronometer time noted, (the calculation 18 precisely the 
same for disappearance or reappearance), correct the chronometer for its error, and 
thus the true sidereal time at the place 1s found. 

18. Assume two values of longitude, one greater and one less than the reputed 
values, and by applying these to the sidereal time, form the sidereal times at Greenwich 
on the two assumptions, and convert them into mean solar times at Greenwich. With 
these mean solar times compute (by the hourly ephemeris) the nght ascension and N. P. D. 
of the moon’s centre on each assumption, also the equatorial horizontal parallax and 
the semidiameter, and from the equatorial horizontal parallax obtain the true horizontal 
parallax as in 6. 

19, The latitude of station to be used m the following computations is the geocentric 
latitude, which will be found generally by diminishing the astronomical latitude by the 
angle of the centre, and which in the boundary latitudes, viz. 45° to 48°, will be found 
by diminishing the astronomical latitude by 11’ 25” 

20. Take from the Nautical Almanac, section occultations—elements, the right 
ascension and N. P pb. of the star whose occultation has been observed. From the right 
ascension and time find the hour angle Put 9 for the hour angle and 4 for the n. P. D. 
Then determine a new mght asconsion, 1, and a new N. P.D, & by the following 
equations .— 

sin @ < true hor par. X cosine latitude 
6—F = sin 6’ ° 
sin 8 X O X true hor. par. X sine latitude 


sine | (040) 


ist No. 
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__ (0—6) sine (8-4-8°—180°) 
2nd No, = ———"F tan F (04-6) ’ 
§—8' = Ist No. 4- 2nd No. 


21. These equations are to be solved by successive substitution. The substitutions 
will usually be sufficient, ‘'Thus—first assume © to be the same as 8, and from the first 
equation determine %, Use this in the two other equations, and you will get 1st No, 
2nd No., and &, very nearly. Use this new value of & in the first equation and you 
will get 9—© much more accurately then by means of the other two, 6’ can be got 
still more accurately ; and so on again if you think fit. 

22. With this new hour angle, &, and the mdereal time, determine a new right 
ascension, then calculate the following quantity — 

Computed semidiameter of moon— 


y pom P pv. of moon’s centre } 
+ an §' sin N. P, D. of moon’s centre, new B. A.—R. A. of moon’s centre | ‘| 


This is to be computed on the two assumptions for longitude (which have given two 
right ascensions and N P. D of moon’s centre). 

23 The computed semidiameter ought to agree with the Nautical Almanac semidia- 
meter found in 18. If neither of the two assumptions of longitude makes 1t do so, one 
of them must be altered by a proportional part of their difference, found in the same 
manner as in other cases where two longitudes are tried. 

24. (e,) Longitude by eclpses of Jupiter's satellites—a very rough method. The 
observation 1s merely to note the last instant, or the first mstant (according as it is dis- 
appearance or reappearance) of the satellite. The computation is merely to correct this 
for chronometer error, so as to obtain sidereal time, and to compare this with the Green- 
wich sidereal tame given in the Nautical Almanac. 

25. In regard to the effects of erruis of observation, the following remarks should 
be borne in mind — 

A certain error of fime in taking a lunar distance produces that same error in the 
deduced longitude. An error im the measure of one second produces about two seconds 
of tame 1n the longitude. 

An error of one second of time in a lunar transit produces about thirty seconds’ error 
in the longitude. 

An error of one second of time 1n a lunar zenith distance will produce at least thirty 
seconds of time error in longitude, sometimes considerably more. An error of one second 
in zenith distance produces at /east two seconds of time 1m longitude, sometimes consider- 
ably more. 

An error of one second of time in an occultation produces one second of time in the 
longitude. 

The same in the observations of eclipses of Jupiter's satellites 


In illustration of the part (f) transits of the moon, the following observations and 
culculations, made at the station of Lake Memphramagog, in Canada, are given. 

The transits of the stars and the moon’s bright limb, are the mean of the five wires 
without any correction (which is unnecessary) for azimuthal error, 
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LAKE MEMPHRAMAGOG, 1845. 
Caloulations for Longitudes from observed Lunar Transats. 


Values of (sx x) — ( aa) &c , assuming the Longitades at 4h. 48m. and 4h. 49m. 





M. 
Log. 289 = 2°460897 


L \ 288 _ Log, 288 = 2-450802 (s%) 
( Tm J 720 ~~ ,, 720-2 2857332 \ 12h » 720 = 2°867882 
1-602060 1°603565 
zE \e = I \e « 
ix )= . weceeee 1204120 (ze = we eeeees 1207180 
L 3 ts L 3 o 
(-m ) =. 2808180 (-inx ) = 2810695 
L )’ 7 L \é ‘ 
(=x) = Bam (sx) ves ve 3414260 
Aveusr 14, 1845. 
ye Sogittarii A. 8. C. 2126. 
H M. 8S HK. M. S. H. M 8. 
Tt 18144946 Tt 18 30 411 D|'s Transit 19 23 47°18 
RA. 18 43387 B.A 18 20 25°89 Chron. fast 10 15°40 
10 16 69 101521 )’sR. A. at Passage 19 13 3178 
2) 80 
10 15 40 
H MM. &B. 
Preceding Day........ . 17 65 40657 wu. 8 
+ 323150 5 
Lower Passage Preceding . 18 28 1207 _ B 
32 24 98 —114 
Corresponding Day .... ... 19 0 37065 —17°95 at 10 
708 —9 
Lower Passage Following .. 19 32 4408 
+ 31 3975 
Following Day 20 4 2383 
ex Fa SP H+ 087 
A’ +" ; B. 
=o. = BOS 1 730 
12 12 
LA’ 
eat em ee = — 89765 — (+ 087) = — 9-062 
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H KM. 8. HE. M. 8S 
R. A.==19 0 3706 R. A.==19 0 8706 
4. 1987-735 = 3°287204 = 3-287294 
1°602060 1°603565 
+sx ( eS )= + 0 12 55°90 = 2'889354 + 0 12 57-78 = 2800859 
—9°062 == 0957224 0°957224 
1 204120 1 207130 
L \2_ ; =, = yee 
+°x( i )'=-0 0 145 =  0°161344— 0 0 1°46 = 0°164354 
—1 730 == 0 238046 0 238046 
2 806180 2810696 
44x (&)=-° 0 O11 1-044226 — 0 0 0-11 = 1-048741 
L \4 2 2 
~~ V= 0087 = < 0 00 . 
+°x (a5) +0 0 000 0087 ; +00 000 5 
19 13 3058 19 18 33 26 
D'sR A at 19 13 3178 Passage. 19 13 30°68 
0 0 0120 0 0 0268 
8, 8. 
26 8 60 120 
120 
268) 7200 (2686 
— 636 ee 
1840 
1608 
H M 8 eccnapeinid 
4 48 0 "2320 
0 0 2686 144 
4 48 2686 "1760 


H M. 6. 
Longitude== 4 48 26 86¢ 
In addition to the foregoing methods, it may be useful to lay 
down the process of determining the difference of longitude between 
two places by a chronometer. Suppose 4 and B to be these two 
places. At A find the error and rate of the chronometer, and then 
transport it to B. At the latter station take a dime observation 
with the same chronometer; the time at B being known, and that 
at 4 being deduced from the indication of the chronometer, the 
* From the Corps Papers and Memoirs on Miltary Subjects of the Royal and East 


India Company’s Engineers, vol. i. pp. $11, 318, 
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difference between these two elements is the difference of the longi- 
tude required. 

In practice when a chronometer is carried over-land, it cannot be 
relied upon in furnishing a very accurate difference of longitude 
between two places, as its rate becomes liable to irregular variations 
from the jolting, attendant on its transport. But the uncertainty 
which arises from the employment of one chronometer may often 
be got rid of by the use of several, when the mean of all the results 
may be assumed as the true difference of longitude, between the 
two stations of observation. 

In exploring new countries, or in accompanying armies on a 
foreign expedition, the time, necessary for making longitude 
observations, cannot be spared; in such cases the difference of lon- 
gitude between two places may be determined by means of a route 
survey combined with azimuth observations in the following 
manner : 

It ought to be premised that the object of such a survey is not so 
much to lay down the road, as to fix with accuracy the positions of 
distant places; with this view the stations selected along the route, 
should be as few as possible, and not less than one mile apart. "The 
line of the road may be followed whenever stations can be fixed 
thereon fulfilling these conditions. But as this is a circumstance 
which is not always obtainable in practice, the road sometimes 
deviating from.a straight course, and passing through towns which 
obstruct a distant view in front; the trace of the route in such 
cases may be carried out of the direction of the road, so as to pass 
clear of the obstructing towns, which, if required, may be connected 
with the trace aforesaid by offsets, or by subsidiary routes executed 
with different or inferior instruments. 

There ought to be at least three perambulators for executing the 
linear measurement, their errors being previously ascertained by 
rolling them over a distance fixed by a trigonometrical operation. 
Two perambulators would be insufficient, for in case of discrepant 
results occurring, they will remain unaccounted for, the perambulator 
which has gone wrong, being detectable only by the employment 
of a third. At the commencement of the survey the perambulators 
being set to dissimilar readings, they will read differently all the 
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ray, and thus prove an effective check on the erroneous reading 
nd noting of the distances. 

A 7-inch Theodolite will be the best instrument for making the 
ecessary angular measurement 

The distances and angles of the route will require to be measured 
scording to the method of the Ray Trace Survey. In addition to 
1ese measurements it will be necessary to take Jatitude and Azimuth 
sservations at the origin, and in the vicinities of large towns, which 
re about one degree or sixty miles asunder, and also at the termi- 
us. With good instruments both the latitude and azimuth in each 
istance may be ascertained with sufficient accuracy in two or three 
ays. 

When all these observations are completed, the reduction of the 
yute may be performed in the following manner : 

Let A and B be two consecutive stations on the route where 
stronomical observations have been made. It is clear first that 
1e direct distance from A to B may be deduced according to the 
ay Trace Method; 2nd, that with this distance, and the observed 
titude and Azimuth at A, the latitude of B, the back Azimuth of 
', and the difference of longitude between 4 and B may be com- 
uted as shewn in part iii., chapter 18; and that lastly a similar 
duction with reference to A, may be made from the observed 
ements at B. 

When these deductions are finished, it will be seen that A and 
Will each possess two latitudes, one derived from observation, and 
\e other from computation; and that likewise there will be two 
mputed differences of longitude between these stations. If these 
sult are accordant, it may be taken as a proof of the accuracy of 
e work. But as an agreement of this kind will rarely occur in 
‘actice, the best mode of dealing with the discordant data, is to 
ke in every instance the observed latitudes, and the mean between 
e two computed differences of longitude, as the true values of 
ese elements, 

The limits A and B of the route being fixed, the intermediate 
ints may be adjusted according to the method explained at pp. 
3, 355. 

In the appendix will be found a list containing the latitudes and 
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longitudes of many well-known fixed places, derived from the Grea 
Trigonometrical Survey of India, which will afford the best infor 
mation to the Surveyor, in the prosecution of any Survey operation: . 
within the limits of the District specified. They have been arranget 
alphabetically according to Districts, and the three Presidencie: / 
separately detailed. 
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INSTRUCTIONS FOR TOPOGRAPHICAL 
SURVEYING. | 


By LIEUT.-COL. A. 8. WAUGH, Bznest Enerverns, 


SURVEYOR-GENERAL OF INDIA, AND SUPERINTENDENT OF THE GaEaT TRIGONOMETRICAL SURVEY. 





For the use of the Survey Department. 





Printep at tHE Crvm Encrneseine Ooitece, Roorxes, 1863, 


1.—In the Manual of Surveying for India, ample instructions have been given for 
Proposed scope of these ttiangulation of the second order, and for detail surveying m 
instructions. general. It is unnecessary, therefore, to repeat here what has 
already been completely described, but adopting the rules laid down in the Manual as 
a basis, 1t 18 tended im these instructions to recapitulate, with as much force as prac- 
ticable, the great leading principles, which must not be departed from in extensive 
surveys, and to develop the system of internal detail best suited to surveys purely topo- 
graphical in character. 
2.—The peculiar province of a Revenue Survey being to define boundaries of estates 
Objects of a Revenue OF properties, 1t 1s manifest that the principal operations of such a 
Burvey. survey must be directed conformably to those boundaries, which 
require to be ascertamed, and marked out before survey operations can commence, 
3.— When the size of estates to be measured 1s considerable, as in Bengal, where the 
Revenne 5 circuits are extensive, the operations of the Revenue Survey may 
with ‘Topogra- obviously be made the basis of topographical delineations, whereby 
phy” the expense of a separate basis 1s saved, and the districts can 
afterwards be incorporated by means of the great triangulation, as described in the 
Manual, But when the mze of the properties measured 1s so inconmderable, as in the 
case of the Bombay Revenue Survey, and when they are further not mcluded within 
principal circuits, those measurements cannot be combined to any extent, without 
running the risk of accumulating large errors, and therefore they cannot be made a bams 
for topographical operations like the Bengal Surveys, m which field measurements are 
strictly mternal and subsidiary. 
4,—The term “Topographical Survey” implies the measurement and delineation of 
Defimtion of @ special the natural features of a country, and the works of man thereon, 
Topegraginoal Sar- with the object of producing a complete and sufficiently accurate 
map. Being free from the trammels of boundaries of properties, 
Pal principal lines of operations must conform to the features of the country, and objects 
to be surveyed. 
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6.—The only safe basis for topographical operations is beyond all question or dispute 
Onhcdce leas eee a system of accurate triangulation, whereby undue accumulatio: 
special Topogrephi- of error is precluded in the extension of the work, and at th 
eal Survey. same time limits are set to the intrumon of error in the interna 
details. 
6.—The greater the extent of country to be surveyed, the greater will be the risk o 
rie? dseers of accumulating error in the triangulation itself, and hence, on ac 
Met Gt Burvey of count of the immense extent of British India, arises the necesaty 
for superior accuracy in the Great Trigonometnical operations. 
7.—With the object of reducing the accumulating tendency withm narrow lmits 
the Great Tngonometrical operations are carried on in principal series, proceeding in £ 
straight course from one measured base to another, thus adopting the shortest lines of 
connection. The hnes to which the series conform are either Meridional or Longitu- 
dinal, or approximating to the boundaries of the empire. These principal series are 
now generally made double throughout, thus affording additional checks at every stage 
of progress, and as their course is straight, and the size of triangles the greatest the 
country will admit of, without violating the principles of symmetry, it follows that the 
stations of observation are reduced to the mmimum number practically attainable. The 
greatest care and attention can thus be bestowed (with all due 
Meets mode of regard to economy) on the few great stations on which accurate 
oyeree as well i the continuty depends, and those observations are always taken with 
instruments of the first order by experienced observers. 
8.—These principal series are further checked by measured bases, and Azimuths of 
verification. ‘The accuracy of their sides being thus proved, those lines become fit to 
venfy the next class of operations, viz., the subsidiary Meridional series by which the 
country 1s traversed (or intended to be traversed) at every degree of longitude apart. 
9.—Subservient to these great operations are the secondary and minor triangulations, 
by which places of major importance are fixed, and great mvers traced out. 
10.—This brief sketch of the system of the Great Trigonometncal Survey of India, 
though af first sight it may appear foreign to the subject of this paper, is nevertheless 
essential, because those great operations afford the primary basis for Topographical 
Surveys, which must cither conform to the great tnangulahon already executed, or be 
susceptible of easy incorporation with series hereafler to be carmedon. It 18 mdispen- 
sable, also, that the distinction should be fully understood between 
Operations ofextapsion SF meipal and secondary operations, the former being as ngor- 
ote eer pony Cg ously accurate as human means can make them, while the latter, 
bemg intended for limited purposes, cannot with propnety be made 
a basis for extended operations, 
11.—In commencing a Topographical Survey of an Indian district, or territorial 
division, it will be generally found that some portion of it has 
bar ; Can either been traversed by one or more of the great series above 
=" described, or some of the great stations will be found sufficiently 
near to afford a convenient basis for triangulation of extenmon. These stations furnish 
sar e at once to the Topographical Surveyor the four initial elements 
— required for commencing a Survey, viz., st, a point of departure, 
the latatade and longitude of which aro fixed, 2nd, a linear element or baso of ascer- 
tained length; 3rd, an initial Azimuth, or true direction of tho meridian; and 4thly, 
the height above the sea level. The numerical values of these elements will be supplied 
on apphcation to the Superintendent G T. Survey. 
12.—As the great stations, however, are too far apart for immediate nse in internal 
Internal triangulation. Operations of detail, the great trangles may conveniently be 
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roken down into smaller ones, according to Colonel Everest’s ray trace system, 
escribed in the Manual,® By means, therefore, of ray trace triangulation and second- 
ry pomts depending on the sides thereof, a sufficient number of fixed stations may be 
stablished in the immediate vicmity of the Great Trigonometrical series, and such 
oints of reference should be about three to five miles apart, according to the nature and 
alue of the ground to be surveyed.t ‘ 

13,—But this method 1s only applicable to ground covered by the great triangulation, 
r contiguous thereto. For other portions of the district or territory to be surveyed, 
perahons of exten- provision must be made for extending additional large triangu- 
mon described. lations, according to circumstances, viz — 

14 —New points may be selected on the flanks of the great triangulation, so as to 
wm an addtional number of large symmetrical triangles, and m this way a breadth of 
5 to 80 mules of hilly country may be embraced, or about 7 or § miles of flat ground. 

15. Such additional triangles must be executed with the same ngorous precaution 
3 in the Tmgonometrical Survey. All throe angles should be observed with an mnstru- 
ient not less (if procurable) than 12 mches diameter, which should be duly isolated, 
nd the signals should be lumimous. 

16 —If the space to be triangulated be greater than can be embraced by one set of 

these flank triangles, it will be proper, in a hilly district, to extend 
es ee operations as far as the mits reqmred, by means of a network of 
the largest symmetrical triangles that can be selected. These will arrange themselves 
into a succession of hexagonal or other polygonal figures; and it 1s to be remarked, that 
the care and attention which should be bestowed on this part of the work ought to be 
strictly proportional to the extent to which the additional triangulation may require to 
be carned, the mai object beng to exclude accumulated error in extending the work, 
Hence the number of times the observations should be repeated, the suze of the instru- 
ments, and every other element of accuracy should be in proportion to the distance to be 
triangulated.—Manual of Surveying, part ww. chap. 16. 
17.—In a flat country, however, the method of network would be expensive and 
dilatory, as well as able to accumulated error. In such, if the 
ern eee area to bc triangulated 1s large, xt will be proper to carry a boun- 
dary series of triangles, with sides as large as practicable, along the outhme of the 
district and perganas, or such mternal boundaries as are intended to be delineated. 
Minor series of this class should emanate from a principal mde of the Great Tngonome- 
trical Survey, and re-enter on another principal ade, the former serving the purpose of 
an. initial base, while the latter fulfils the object of verification, One flank of such a 
series should also conform sufficiently near to the boundary, so that the latter may be 
susceptible of eagy connection therewith, while the course of the series should be as 
direct as circumstances will admit, because accumulation of error depends, ceteris 
paribus, on the length of the series, and number of stations employed 
18,—It is to be understood, that a minor series of this class must be conducted with 
the same rigorous precautions that have already been enjomed in the case of a network. 

19.—If the space uncluded between the bounding mmor senes and great tnangulation 
exceeds 20 to 25 mules, it may be demrable to break 1¢ up into smaller spaces by means 
of branch mmor series, emanatmg from a principal mde of the great triangles, and 
closing on a side of the bounding series. 

20.—Having thus covered the whole field of Survey with a network of large triangles 





*Parti Chap 20, Par 3. 


+ In the National Surveys of England, France, and Bavaria, the internal tnangula carried 
do a grease degree of merscaced tan have eonisesciaied ae 
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in the case of hilly country, or with connected series in the case 
pie sien: of flat lands, it will remain to interpolate other stations by means 
of the ray trace system, aided by secondary triangles, whereby the whole country may 
be covered with fixed points, three to five miles asunder, according to carcumstances. 
21.—It may happen m some instances, that a district to be topographically surveyed, 
How to 1 aoe may have been traversed by more than one series of the Great 
the strat = = Trigonometncal Survey. In such cases, the interval between 
than one Senes of two series must be filled up, if the country be hilly, with a net- 
theG.T. Survey. work of large triangles umting symmetrically with the flank ssdes 
of both series, but if the country be flat, minor series should be ran across the vacant 
space, from one Great Trgonometrical series to the other. The ray trace triangulation 
before adverted to, will furnish appropriate bases. for such minor series to emanate from 
and close on. 
22 —From this description it will be apparent, that the prmciple necessary to be 
Methodical arrange. Observed in triangulating a district is to divide the operations into 
ment of operations three classes, viz., the lst class, consisting of large symmetrical 
meceeralere triangles, of which all the anglos are to be observed with peculiar 
care, as well as with the best means, and 1t 1s to be distinctly understood that the ad- 
vantage aimed at by this class of triangles, 1s the prevention of accumulated error in 
Ist Class or ©Xtending operations to a distance The 2nd class of operations 
operations of exten- consists of ray trace tnangles, by means of which the larger 
ond and Srd Class, or triangles may be symmetrically subdivided into smaller ones, 
internal operations. This class of operations is essentially internal, and therefore not 
productive of accumulated error; nevertheless, all three angles should be well measured 
The 3rd or last class consists of secondary triangles, whereby conspicuous emsting ob- 
jects or new stations may be fixed by intersections from the stations belonging to the 
superior classes of work. In fixing a secondary pomt by imter- 
rae pt manor section, mistakes are liable to be committed, both m recognising 
mane tp cere: the object under different aspects, as well as ascertammng its 
name, more especially when the distance 1s great Proper precautions must therefore be 
observed to insure identification in both those respects, and when practicable, the same 
pomt should be intersected from more than two stations, whereby its pomtion will 
Triangles of intersec- become vorified by common sides. If all due care be taken, 
er ata a ba pers these points will be sufficiently well fixed for topographical pur- 
operations of ekten- poses, but they cannot be permitted to enter into any continued 
on series or system of triangulation, of which the main object 1s 
accurato extension. 
23 —In all cases of network or triangles which combino into polygonal figures, the 
Compatation of net- computations will not give consistent results, unlces all equations 
work of condition appertaining to the figures are previously satisfied 
according to Colonel Everest’s method, described in his work page cxxi, or Professor 
Galloway’s method, vide Royal Astronomical Socicty’s Memours, vol. 15, The cal- 
culations for this purpose are, however, so complex and laborious, as to be beyond the 
means and competence of topographical partics. It will suffice, thereforo, for this class 
of operations to disperse triangular error by distributing one-third of its amount to each 
angle of the triangle, after which the latter may be computed as plain triangles, and the 
arithmetical means of common sides® should be taken for continuing the triangu- 





* When several independent values of the same quantity agree very nearly, it 1s sufficient to take 
the mean of the Logs. of those values to represent the Log. of the mean of the natural number answer- 
mg thereto, but if the differences between the Logn affect more than the 7th place, the mean natural 
numbers should be used, and its Log taken out independently. 
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lation. If the observations have been carefully made, the discrepancies in the values of 
such common sides ought to be extremely small, and therefore of no great importance. 
24.—Some system, however, must be maintained in the order of computation, other- 
wise the mean results will vary according to the order in which 
Onder of computation 1. computations proceed, The principle to be observed is this . 
the values given by the great Tngonometrical Survey are to be taken as fixed quantities, 
and those sides which are deduced immediately therefrom are considered of next im- 
portance, while those which are deduced by the same number of steps from the Great 
‘Tmgonometrical values, are reckoned of equal weights. Thus, supposing in the diagram 
in the margin that A B C D are stations on the flank of a Great Trigonometrical series, 
A the values of those sides are to be taken as unalter- 
: able. Let a5 ede be stations of an extending nef- 
work. Then the sides Aa and Ba will be obtained 
by computing the triangle ABa, Sumilarly Bd and 
Sed 08 will be derived from triangle BCJ. But the 
evalue of ab will differ, according as Ba or Bé be 
made the base for computing tmangle Bab. The 
values of Ba and Bé are, however, of equal weight, 
bemg each derived from the basis by one step of 






computation Hence ad will have two values of 

equal weight, the mean whereof should be taken for 

computing tmangle aid. Simularly there will be 

Pe gee two values of de, and so on generally for all sides of 
these triangles 

25.—Any large portion of the earth’s surface, such as a district or province, cannot, 

however, be treated as a plain surface, The spheroidal excess of 

Pres earth's euiteee . the large,triangles will have been dispersod by applying one-third 


be takenimtoaccount. 4 tho trangular error to each angle, which 18 strictly conformable 
to Legendre’s rule, but with reference to the extension of the triangles over a spheroidal 
surface, together with the change in Azimuth, or inclination of Mendians that takes 
place, this will be duly provided for by computing the Latitudes, Longitudes, and 
reverse Azimuths, according to the methods explamed in Chapter xvm of the Manual, 
Part 8rd. 
26.—In prosecuting these latter computations, 1t will be found that the results derived 
from different sides, will disagree by small quantities in the 2nd 
arm pe ng and 8rd place of decimals of a second. These discrepancies will 
Poaka: calculated be occasioned by the equations of condition not having been pre- 
viously satisfied. The tnangular correction being insufficient in 
complex figures, and the mean sides not corresponding with the angular elements with 
Mathematical precision, the figures become more or less dislocated #Thcre1s no remedy 
for this inconsistency, but to satisfy all the Mathematical Equations of condition, by 
corresponding corrections, as has already been remarked If, however, the work has 
been executed with all due care and with good instruments, the discrepancics in Latitude, 
Longitude, and Azimuth ought to be very minute, and barely appreciable * To enable 
the Topographical Surveyor to form a prope: estimate of the character of his work, dis- 
criminating betweon discrepancies duc to want of refincment, and those errors which 
may arise from mistakes, 1¢ is to be remarked that 1” of a great circle of the earth is 





* Another reason for such discrepancies, particularly in Azimuth, 1s the omission of spherical 
excess, 1m computing secondary triangulation The angles uscd m ‘deduean Azimuths should be 
= raphe “— conan ue arse “mre rani requires to be afided to each angle of a 
P e f n om a caleful computer secondary 
triangulation, when the «des excecd eight miles Ee ane een en 
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very nearly 100 feet, and consequently 1 foot is nearly 0°-01 of Latitude or Longitude 
in India, The latter quantity would be an error totally inadmissible in great operations, 
but may be exceeded in subudiary work, if the common sides differ more than two feet. 
27.—It has been recommended to adopt minor series in flat countries in preference to 
. network. Such minor series emanating from a side of fixed 
era a rable length, and closing on another of the same character, may be 
bow feated. expected to exhibit a discrepancy of greater or less amount at the 
line of junction. Suppose § L to be the Logarithmic difference on comparing the last 
computed side, and # to be the number of triangles in the series, then on the hypothesis 


éL 
of a gradual and equal rate of generation of error ——~ would be a Log correction 


" 
applicable to each side of continuation successively, and by applying such corrections to 
each triangle, the discrepancy at the line of junction would disappear; but the mdes of 
the triangles, after being thus altcred, would not agree with the angles for computation, 
and therefore, this simple process would not prove satisfactory. To produce consistency 
between the angles and corrected mdes, we may proceed in this manner. In any triangle 
ABO, appertaining to a series, if AB be the known side, and BC the next mde of con- 
fanuation for the series, then BC = Log. AB -- Log. sin 

G = =—-s— A — Log. sin CO; butif 1t be required that Log. BC should 

become Log. BC +- z, then this new value will be equal 

; the expression Log. AB +- (Log. sin. A -+- 3 2) — (Log. 
Fe. sin. C—-2z7). Hence if we take out tho Log. difference due 
to 1” for each of these two angles in every triangle of the 

series, and call the sum of these Log. differences 8, then 


aL 
E ge ae Re angle comrection in seconds due to each 


of the two angles of the trangles, which enter into the 
computation for continuation. 

28.—If the cumulative correction required at the side of 

junction be positive, then the angular correction will also 

be positive to all angles opposite the side of continuation 

© in advance (which angles are marked with a single dot in 

the diagram), and negative to those angles which may be 

termed the apices, being opposite to the known sides used 

B as bases of calculation. These special angles are marked 

3 with two dots in the diagram. The 3rd angle in every 

triangle, or that opposite the flank mde will not need alter- 

ation. After correcting the angles in the foregoing man- 

ner, and recomputing the triangles (or correcting the sides 

in proportion to the angular corrections), the discrepancy at the line of junction will be 

found to have disappeared, provided the calculations are carried to an additional figure 

of Logs. beyond the usual number of places. * 

29.—In this way consistency may be produced in the results of a minor series of 

importance; but it is not in general a matter of rigorous necessity, because the numerical 

discrepancies hkely to occur in calculating Latitudes, Longitudes, and reversed Azimuths 


® Angular corrections of this kind ought to be very minute, and far withm the probable errors of 


observation, otherwise the work 1s radically bad, and no iyi besa hae treatment short of actual revision 
Yill do any good, vide Manual, part il cap. fa hie ect of ‘ ratio of error.’ sgh ernol minor 


half a foot per mile, and in cenpanrgt My exch 
ee en ceguats, mone foot per mule, or 1-5880th part may Peckoned about 
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appertaining to well executed operations, will usually be so minute as to admit of being 
considered unimportant for topography. 
30.—It is to be understood that our formule for computing Latitude, Longitude, and 
Remarks, on the for- reversed Azimuth are kag really miei aie 
mule for computing not regularly converging. Of these formule, the two 
Tongatude, a only are given m chapter xvui., part 8rd of the Manual, the other 
verse Ammuths. terms bemg insenmble for short distances. In the principal 
operations of the Great Tngonometrical Survey, however, the computation 1s always 
carried to the 3rd and 4th parts,* and 1t may be remarked, that in distances of 80 to 40 
mules, the third part may amount to half a tenth of a second or thereabouts in Latitude 
or Longitude, and sometimes nearly as much in Azimuth. 
31.—The Tngonometnical basis of a Topographical Survey having been laid out in 
Method of plotting tr- the manner which has been here described, and the requisite com- 
angulation, putations having been effected, the next business 1s to plot the 
position of stations (by means of co-ordinates of Latitude and Longitude) on a skeleton 
chart, whereon the geographical lines have been previously correctly projected, according 
to the rules given in Chapter xxvi, part 3rd, of the Manual. 
32.—The protraction by co-ordinates should then be verified by distances, ie. by the 
length of sides of tmangles; and lastly, a comparison should be 
ventipasenot PE mene with the angular readings or bearings in the field books, 
as a check agaist errors of direction. A further test, of the most satisfactory character, 
will be obtained when the skeleton chart 1s mounted on the plane table, and the princi- 
pal stations sre visited by the detail surveyor, who will thus have an opportunity of 
verifying the accuracy of the plot in a few minutes. 
33 —The precise part of those objects which have been fixed by intersection, such as 
fata temples, buildings, &c , should be briefly but significantly speci- 
Mapectieally ‘saperthod fied on the chart, to prevent mistakes in identifying the exact 
nee points fixed, - 
34 —The next question for consideration is the best method of filling in topographical 
Topographical opera- ‘tails. There are three methods of prdcedure available Ist, 
per ol erent Roan the method of measuring up the minor triangles, on the principles 
* of the Ordnance Survey, as described by Captam Frome in his 
work; 2nd, by traversing from tngonometncal point to pomt, and taking offsets and 
intersections; 8rd, by means of the plane table. 
35.—The two first methods being purely mechanical in principle, and susceptible of 
easy check, may readily be carried out by native agency, if it can 
be procured sufficiently ~heap. However, aa all surveying comes 
ultamately to sketching m the ground, provisio, ‘aust be made for performing this part 
of the duty artistically, unless, indeed, the contour system be adopted, by which means 
the character and configuration of the ground can be accurately delineated mechanically 
without the aid of any artastical talent whatever. A contoured Trigonometncal Survey, 
however, would be extremely costly, as well as slow in progress,t for which reasons 
that system of internal survey 1s hardly applicable to the cxrcumstances of India in the 
present day, and certamly totally inapplicable to the Native States, or to the moun- 
tainous and jungly tracts belonging to the Government of India. These two classes of 
country form the only field for surveys purely topographical, all the rich districts coming 
specially within the scope of the Revenue Survey system. 


Mechanical operations 





* Special Tables for facilitating the Great Trigonometrical Survey tations been 
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"86.—An inexpensive and rapidly-conducted, but perfectly complete survey, is what 
is urgently required in India, and these objects can most effect- 
Plane Table survey# oF ually be attained by plane table surveys, based on the trigonome- 
varian ‘came and trical operations before described. This method, however, requires 
— able and practised draughtamen. ° 
37.—The principle of the plane table 1s that of trigonometrical intersection, and de- 
Cautions in using the ™mands the same caution as has been already enjomed 1 the case 
Table of secondary triangles. Accumulation of error cannot take place 
m such a survey, as muita have already been set to 1t, by the fixed pots trigonometri- 
cally established. The accuracy of the internal detail within these hmuts will, on the 
other hand, depend on the shortness of the distance from which the ground 1s sketched 
up, as well as on the care with which pouts are intersected from the Tngonometrical 
stations, and the necessary offsets measured up, and plotted on the board. 
$8.—All Trigonometrical stations must first be marked in some conspicuous manner, 
Tngonometrical marks Such as is described 1 the Manual parti. chap. xvi. (art, Selection 
and flag stations. of Stataons,) and flags or other marks should be planted at those ad- 
ditional pomts where the table 1s required to be set up. Such plane table positions bemg 
fixed d priors from the Tngonometrical stations, render the Surveyor independent of the 
magnetic needle, m the use of which much caution 1s requimto, on account of hourly 
variations, and liability to disturbing attractions It1s reckoned that the compass may be 
trusted for distances on the board less than the noedle’s length, but not for distances ex- 
ceeding that length, for obvious reasons. To set up a table at an unfixed station, the needle 
and two visible fixed stations are the least required; but a careful surveyor would not be 
satisfied with less than the needle and three vimble stations, which proves the work. To 
enable this method to be practised on such occasions as it 1s applicable to, 1t is necessary 
at the outset, on commencing a new board, to set it up at a great station, and after 
rectifying and proving its position by observations to the circumyacent great stations, 
the magnetic compass should be placed on some convenient part of the board The 
table being fixed and the needle adjusted to the north mark, and standing quite steady, 
the surveyor will proceed to draw the outline of the box on the board, and to make 
marks corresponding with those on the box, which may be esther circular with four 
marks, or square or oblong The needle should be strongly magnetised, and play quite 
free in the box. Its mdications should also be tested by comparison with a standard 
needle occasionally, or with the true meridian, and 1f found to differ, and particularly if 
it hangs back, giving different mdications according as the box is turned from the left 
or right, then the pont of suspension will be found to be bent, and should be rectified. 
The other method of mterpolating stations 1s by observations to three known points, a 
problem equally unsatisfactory in plane tabling as in tngonometry, and which should 
never be resorted to in accurate surveys. A practical solution of this problem 1s given 
in Appendix, marked A, but more as a matter of curiosity than utility. All young 
hands are fond of interpolatang stations, but it 1s an madmussible principle except for 
very subsidiary details. The accuracy of the work depends on drawing true rays from 
the Tngonometncal stations, and by that means fixing a sufficient number of plane 
table stations. This rule cannot be too strongly msisted on. 
39.—A hilly country offers the fairest fleld for the practice of plano table surveys, 
Advantageous condi. and the more rugged the surface, the greater will be the relative 
advantages and facilities this system possesses over the methods 
of actual measurement. On the other band, in flat lands the plano table works at a 


nounced the contou r unadvisable, on the of and Mili 
tana , on the evidence of the most celebrated Civil tary 
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disadvantage, while the traverse system is facilitated. Consequently, in such tracts the 
relative economy of the two systems does not offer so great a contrast as in the former. 
In closely wooded or jungly tracts, all kinds of survey operations are prosecuted at a 
disadvantage, but in such localities the commanding points must be previously cleared 
for trgonometrical operations, which facilitates the use of the table. 
 40,—On a scale of one mle to an inch, a district can be wa rpaadonbte 2 
of the plane table, at a cost of six to eight rupees per square 

Fea ET ae” including the expense of minor tnangulations. On this scale, all 

veyor General. = those objecta should be delneated which are essential in a map for 
political and military purposes, as well as for thoso of local improvement.* The scale 
of half an mch per mile is to be resorted to only in very dense yungly countries, con- 
taining a scanty population and httle cultivation, with a dangerous climate, rendering 
it demrable to accelerate progress. 

41.—On the scale of one mile per inch, a practised dranghtaman can execute about 

five square miles per diem, while on the half-inch scale 16 square 

arte peg Pei Miles may be accomplished, in each case supposing the detail to 

not meluding field be minutely drawn, and nothing omitted which the scale admits 

Se of bemg represented. Thus on the one-inch scale, any natural 
feature, such asa ravine or water-course less than one-eighth of a mile in length, cannot 
well be shown, and if the country be mtncate and full of detail, objects less than a 
quarter of a mile cannot easily be represented without creating confusion, and destroying 
the unity of the general effect. On the half-inch scale, the mits to the power of repre- 
sentation appear to be double the above quantities, between which they will vary, 
according to the nature of the ground. All these rates refer to ground of ordimary cha- 
racter In casy country, open and nearly level, or hills of simple outline, the work 
will be done cheaper and faster, but un ravines, and intricate ground or hulls of rrregular 
formation, and difficult to travel over, the cost may be enhanced considerably. It must 
be recollected, however, that such tracts aro generally of little value, and do not demand 
80 much precision and minuteness of detail as other valuable lands, In such wild tracts 
it 1s sufficient that the character of the ground should be correctly represented, and its 
prominent features distinctly shewn, 1 which case, water-courses of a quarter of a mile 
would hardly attract attention. If the greatest precision and minuteness 1s aimed at, 
none but skilful draughtamen can be expected to survey five square miles a day, inde- 
pendent of the triangulation, which must be previously plotted on the board. The rate 
of six rupees per square mile, over all, 1s derived from the Hydrabad survey, but wall 
vary 1n proportion to the salaries, and the number of subordinate surveyors employed 
under one superimtendent. Allowance must also be given for the determination of 
elevations, which, 1f numerous, and extended to all obligatory pomts for roads, draimng, 
and canals, as hereafter explained, will considerably enhance the cost 

42. —Whether the details be taken up im the first mstance on the principle of the 
plane table, or by traverse operation carefully plotted, the work will have to be mounted 
on the boards for exammation in the field, and to enable the configuration of the ground 
to be sketched up in a characteristic manner 

43.—In delineating a corrugated surface, the rule to be attendod to 18, first to draw in 


© This amnion, which I have held for years, 1s perfectly conformable to the last decision of Par- 
lament on th cg nage Piha decision was based on the evidence of eminent Civil and 
Mihtary Engineers, whose o ms were taken The distioataons however, between a map and a 
must not be lost sight of PiThe former embraces a wide extent of country, and on scales suitable 
such areas, information can only be generalised Hence maps cannot supply the place of plana, 
Dor supersede the necessity of special surveys for special purposes 


Delineation carefully the arterial drainage system or water-courses, consti- 
areton on tee tating the outfall of the country, and next the water-sheds, or 
ground. ndges of hulls must be traced.* Having thus outlined the highest, 
and lowest levels of the ground, the subordinate features can he put in with great pre- 
cision; but as these require to be generalized in proportion to the scale, an operation 
depending entirely on yudgment and coup d’il, a considerable degree of artastac talent 
and practice is necessary to ensure succeds.¢ The outlines of table land should be well 
defined, and ranges of uils pourtrayed with fidelity, carefully representing the water- 
sheds or civortia aquorum, the spurs, peaks, depressions or saddles, isthmuses or con- 
necting links of separate ranges, and other ramifications. The depressed pomts and 
isthmuses are particularly valuable, as being the mtes of ordimary passes or points, 
which new roads should conform to. These are the chief heads to be attended to, as 
regards physical relief, but the water system or drainage and depressed features, such 
as ravines, are also of the greatest 1mportance. Every bend or angle of a stream or 
streamlet should be accurately fixed; whereby a true representation of its course will 
be given, and not a mere mmihtude or rough hkeness, depending on vermicular con- 
tortions, with which common surveys are disfigured, but which are totally unlike 
nature. The general outlines of ground, as defined by mdges, water-courses, and feet 
of hills, must absolutely be fixed by actual survey, otherwise the work would be a mere 
reconnoisance, and no two surveyors, working independently, would produce the same 
resulta, This 1s the distinction between survey and reconnomance, the delimeation of 
the artist being in the first case rendered accurate by the precision with which the 
outlines are fixed, whereas in reconnoitering, more is trusted to the eye. The rest is a 
matter of shading, and there are three modes of execution; viz.—Ist, by brush shading 
or general washes, varying in intensity with the steepness of the slopes, 2nd, brush 
shading relieved by contour touches sketched on the ground, 8rd, vertacal hatching, 
similar to engraving. The last method, however, depends on the second, because 
contour lines must be drawn to regulate the vertical strokes, each row of which should 
conform to a contour, while the direction of eaeh stroke 1s to indicate with precision 
the direction of the dechvity, otherwise the configuration will not be truly expressed. 
The object of all shading 1s to depress the furrows, and elevate the ndges or intumes- 
cent forms. This can be done with best effect by the first mcthod for small scale 
manuscript maps, such as quarter-inch scale geographical maps, e¢ 1nfra—by the second 
method for one-inch scale maps—and by the third method for larger scale plans, for 
which a combination of all three modes 1s generally necessary to work out the effect, 
and this also 1s sometimes necessary for the one-inch scale, when the relief requires to 
be picked out. The hypothesis of vertical illummation 1s here supposed to regulate the 
qftading, bécause 1t 18 the only method by which relative commands and intensity of 
slope can be expressed on the usual scales of maps. For plans on large scales, the 
artistic effect produced by oblique ght 1s an advantage which 1s unattamable on the 
small scales of maps. 





* Since the above was written, it has been pointed out to me that the same rules, very nearly, are 
given 1n the master] on Field Ske’ in the Aide Memoire to the Mili ol. 2 
623, yah Wedge oire to the Military Sciences, vol. 2, 
whatever scale the subjccts o} maz the master lines of ground are— 
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2nd.—The water-courses 

ard —The or horizontal contour lines 


The subordinate are those more or less obliq 

generally called feature lines ” ane PSA eR RT a 
The Surveyor 1s recommended to this admira 

traton of the - ble paper for further information end illus- 


is 
method of delineating and shading the na! forms 
+ Care should be taken to avoid the o error of 
teal pposite su) featares entirely, 
tures 


ppressing the minor 9 
because their a monotonous effect helps to main features 
asa representation of minor fea Sithin mata ™ 
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44,—Large rivers are fit objects for triangulatjon by minor series, by which means 
ae Tait gener diceatios ean be pouncsly teased After which, 
godt dbeiadaniars ther apecial features can be drawn characteristically ; viz. ther 
om both banks, erries and fords (with the depth of water thereon to be recorded), 
ind the outline of floods. : 
45.—The one-inch gcale admits of villages, towns, and cities bemg represented in a 
general way according to their relative sizes, with the principal 
ora streets or roads by which they are mtersected, and the outlmes of 
fortifications. The number of houses should be enna sere aval in the aa 
To prevent onussions, lists of villages should be obtained in instance e 
siviLanthorites, ‘and a copy of these lists should afterwards be returned to the same 
authorities, with the estimated number of houses for examination. Trial should then 
be made of the number of habitants per house in variods parts of the district, by 
which means date will be forthcoming for a tolerable approximate estimate of the 
population of the district—vide chap. vi, part 4 of the Manual. Whatever be the scale 
of the Survey, a register 1s to be kept of the latatude and longitude of every village, 
taken by admeasurement from the map, as soon after the field plot has been made as 
practicable. By means of these numerical data, the map can always be projected on 
any scale, and errors ansing from shrinking or other alterations in the paper of the 
orginal map, will be guarded against. The register also admits of corrections in ortho- 
graphy bemg introduced into the far copies, which cannot be done on the original maps 
without injury to the drawing. Names also can thus be restored xf obliterated, and 
omissions be checked. Thus register will hkewise exhibit the number of houses, and 
the height above sea level, where 1t has been determmed. By this means the importance 
of the village or town can be duly estamated, and the style of printing made to conform 
thereto — Vide Manual, plate 18. . 
46.—On a scale of one mch per mile, the general figure, and extent of cultivation and 
waste, and forest tracts, can be delineated with more or less precision, according to the 
size of the masses 1n which these distinctive features occur, distinguishing especially 
irngated nee lands, which generally display the contours of the ground. The areas of 
these several portions can be estimated from map measurement, and thus will be obtained 
further elements for the statistical mformation required mm the chapter last cited His- 
torical enquiries should also be prosecuted, and information collected regarding the staple 
agricultural productions, geological formations, mines, and mineral resources, and all 
other items of interest suitable to a statistical memoir® to accompany the map. In pro- 
secuting such enquiries, application should be made to the civil authorities to supply 
information, or verify the researches of the Survey Department. : 
47.—Great care is requisite in the orthography of native names, regarding which the 
eeinircaaley rules in chap. 6 part 1v. of the Manual, are to be scrupulously 
adhered to In verifying the names of places, assistance may also 
be expected from the civil authorities; and xt 1s to be considered one of the main objects 
of a surveyor’s duty, that his map should fully satusfy the wants of those authonties. 
48,--The means of communication, whether by roads or mmor tracks, are important, 
both for civil and miltary purposes, and should be carefully mserted in the map. This 
can generally be dona with facility m a hilly country, as the fixed marks will be visible 
in sufficient number along the road, so that the latter may be drawn in at once by plane 
table operations along the line of communication to be surveyed. In flat countries, or 


* For heads of this Memour, orde tv che Man 
Oe '’ partiy chap 6, ual of Surveying for India, and also Memo. 
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where tL. vow is circumscribed, it may be necessary to resort to measurements and 
plotting; but should any case occur where the fixed points of reference are far apart, 
the traverse system must be resorted to, as described in chaps. xiv. and xv. part 8 of the 
Manual, and the road should be plotted from computed oo-ordinates. 
49,—The supposition has been hitherto made, that before taking up any part of the 
details, the whole district should be triangulated, the computations 
rare ae effected, and the fixed points carefully projected. This principle 
be commenced until 35 undoubtedly correct, but in practice it may be demrable to aim 
fon ies bees. at a division of labour and saving of time, by setting the plane 
tg tables to work as soon as a sufficient portion of the district has 
been triangulated, &c., and the points projected on the tables. 
It is, however, clearly to be understood, that no detail should be taken in hand until a 
sufficient number of fixed points have been satisfactorily established, and the whole 
area to be surveyed should be methodically apportioned into a convenient number of 
plane table sections, in such wise that they may readily be incorporated without overlap 
or hiatus. In arranging this distribution, the whole area of a board should not be con- 
sidered available, but a margin of two or three inches, or more, ought to be left all’ 
round for external fixed points, which are required for working upon near the edges of 
a section.— Vsde Memorandum G. : 
50.—It will be indispensable to lay down the boundaries of the principal terri- 
Prinerpal territorial torial subdivisions on the map; and to prevent mistakes in 
a oe defining their hmits, every care and precaution ought to be 
drawn ons seperate taken to ascertain them with all due precimon, timely appli- 


- pe vil Poe te cation bemg duly made to the proper authonties on this sub- 
orders ject. 


J 
61.—The relative height of hills and depth of valleys are facts of importance coming 
Elevation and depres- Within the scope of a Topographical Survey. These vertical 
sion of ground. ordinates may be determined geometnically or barometrically, or 
by a combination of both systems. The barometer 1s more especially useful for deter- 
mining the level of low spots, from which the principal Trigonometrical stations happen 
to be mvisible. In using this instrument, however, m combmation with the other 
operations, the relative differences of heights arc to be conmdered the quantities sought, 
so that all the results may be refcrable to the ongmal Tngonometnical station. The 
heights above the sea level of all pots coming under any of the following heads, are 
especially to be determined for the purpose of illustrating the physical relief of the 
country, Viz 
1st.—The peaks and highcst points of ranges. 
2nd.—All obligatory pomts required for engineering works, such as roads, draming, 
and urigation, viz, the highest pomts or necks of valleys, the lowost deprcs- 
sions or passes in ranges, the junctions of mvers, and debouchments of nvers 
from ranges, the height of mmundation level, at moderate intervals of about threo 
mules apart. 
$rd.—Principal towns or places of note. 

§2.—The method of determimmg heights geometneally has been fully explained in 
chap. xix. part 3 of the Manual, and it 1s only necessary in this place to add, that in 
using those instruments of the minor class which have two vertical arca with a pair of 
Verniers regulated by a level, the observations will bo facilitated, as well as umproved 
in accuracy, by applying a seale to the level. The angular value of the divisions of 
this scale can be ascertained by experiments with a good instrument, and thus correc- 
tions may be apphed to the vertical angles for those small deviations m the indicataous 
of tho level, which it is difflcult to elimmato practically, but very easy to correct 
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theoretically. The principles of procedure in such cases are very 
fully explained in the annexed Memoranda, marked B and 0, but 
is utterly umpracticable to impart, by means of written instructions, a thorough 
puree og CmoWledge of the use of instruments, and more especially of the 
instruments by wnt- Vertical apparatus, the principles of which vary in different 
sf pas 1M- instruments, and are always more or less complex. For these 
reasons, the surveyor should learn these parts of his duty prac- 
joally at head quarters, or with the nearest party of the G. T. Survey.— Vide addtional 
Womorandum, marked H. 

63 —To enable a sufficient check to be exercised during the progress : = nese 
eriodicalreturnsmade the following returns are required to be periodically forw: to 
er ee Oe the Sen General of India, viz.— 

1st —A monthly progress report, exhibiting the distmbution and employment of 
each surveyor, and the quantity of work executed, whether 1n field or in office 

2nd —An annual narrative of operations to be sent in on the conclusion of each 
field season, 

8rd.—An annual tabular return of progress and expenses, exhibiting the cost of 
survey per square mule 

4th —An annual return of mstruments and government property, specifying the 
depét from which received, and date of receipt, as well as their state of efficiency. 

54 —It 1s to be distinctly understood, that the officer in charge of a Survey is res- 

The officer in charge Pousible for maimtaimmg the instrumental equipment in efficient 
responsible for the order. All requisite repairs are to be made during the recess, and 
Long a atl those instruments which require repairs beyond the competence 
ments of the surveyor to execute, should be sent to the mathematacal 

instrument mekers’ department, or to the nearest magazine, as circumstances may 
render advisable, or should be returned into store and replaced by efficient instruments. 

Timely application must be made to the Surveyor General for orders on this subject. 
55.—-The mapping must on no account be allowed to fall ito arrears. Tho 

following plans are therefore to be brought up season by 
season 
Ist.—-A akeleton chart of triangulation on the one mch scale (scale of survey), for 
the use of the Surveyor’s office 
2nd —A reduced copy of the above, on quarter-mnch scale (four mules to the mch), 
for the Surveyor General. 
3rd.—Plane table sections, on the one-inch scale (scale vf survey), for the Surveyor 
General.— Vide Memorandum @. 
4th —Far compilation map, on the one-inch scale (scale of survey).— Fede Memo- 
randum G, for the Surveyor General. 
5th.—Reduced compilation map, scale quarter-inch to the mile.— Vide Memorandum 
G, for the Surveyor General. 
6th.—Skeleton progress map, on a scale of 8 or 16 mules per inch.— Vide Memo- 
randum G, to accompany narrative report, 

66.—Maps, plans, &o , should not be mounted on cloth, because it renders the tracing 

of copies for ithographio or other purposes, a matter of difficulty. 

57.—The following office books should be kept up, and not suffered to fall into 

Official Records arrears. 

1st.—Letter-book for dence with the § or G his depu 
otter rt a urveyor General, his deputy, and 
—-File of letters received from abo partics. 
- 8rd.—Miscellaneous letter-book, ’ 


corrections 


Mappmg 
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4th.—File of miscellaneous letters received. 
Sth.—Pay abstracts and acquittance roll book. 
6th.—Contingent bill book. 
7th.—The usual field books and computations, which are to be kept in duplicate ; 
one copy to be forwarded to the Surveyor General. 
58.—All these pffice records are to be legibly written, in a neat style, and kept clean. 
The duplicate field books and computations are to be mgorously compared, and must on 
no account be suffered to fall into arrears, nor be daubed with blots, or written wWlegibly 
Neat clean writing, and well formed figures, methodically arranged, are 1n fact essential 
elements of accuracy in elaborate computations; and as this is entirely a matter of 
habit, 1 must be insisted on from the beginning. Observations and memoranda are 
never to be recorded in pencil, or on loose scraps of paper, but entered at once in ink in 
the proper books kept for the purpose. 
69.—Although operations of extension may be considered the peculiar province of the 
Range of duty expected head of the party; he should also take a leading share m every 
of the head of the part of tho duties, never expecting more from his assistants than 
party he can do himself, and ehowmg, by personal example, how their 
several duties are to be performed. 
60.—The officer in charge should be careful of the hoalth of his followers and himself, 
._..« . for the due preservation of which, in jungly tracts, separate medi- 
—— cal instructions have been issucd, 
61.—It 1s vain to expect rapidity of progress from hurrying on the work, the effect 
of which is dfly to produce confusion and mistakes. Celenity 
ginny cHortthof po will naturally follow that facility and skill which are acquired 
“— by Jong practice, combined with an undeviating system of 
order and method. 
62.—The officer in charge must also be carcful to prevent disputes between lus 
J people and the inhabitants, with whom he should endeavour to 
Disputes tobe avowed tablish friendly relations, and acquire the confidence and support 
of the local authomties. He should be chary of the expenditure of public money, and 
by precept as well as example, should encourago his followers in the manly discharge 
of their public duties, the acquirement of a high professional reputation, and a character 
for respectability and cheerfulness of spirit. 
63.—Instructions, however elaborate and minute, cannot supersede the necessity of 
Doubtful points to be JUdgment and discretion on the part of the executive officer, who 
referred for orders. ig strictly responsible for the success of the work. If doubts o1 
difficulties arise, immediate reference is to be made to the Surveyor General. 
64. —On the conclusion of the Survey, a professional report on the operations and 
Final professional re- construction of the map 1s to be drawn up and submitted. The 
port. memorandum marked I. in the Appendix contains the heads of the 
subjects proper to be discussed in this final professional report. 


A. 8. WAUGH, Lr.-Cotonzt, 
Survsrog Genera, or Inpia. 
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A. 


To fix a plane table in position at an unknown point +, by means of three points 
A BC, whose positions are laid down on the plano table, and represented by a d¢ 
respectively. 


Fix a pm in the pomt 3 on the plane table, and placing the ruler against it and 
Vide Fig. the point a2, with the object and sight towards a, turn the table 
about, until the pomt 4 1s intersected, then clamping the table 
in this position, turn the ruler and intersect the pomt C, with the edge of the ruler still 
against the pin at 4, and draw the line 6 #,—now remove the pm to the point a, and 
unclamp the table,—place the ruler agaist the pin at a, and the point 4, and turn 
about the table until the pomt B 1s intersected, clamp the table 
agam, and having intersected the point C as before, draw the line 
an through the intersection » of the nes a » and 5 m, draw the lino ¢ p g passing 
through the pomt ¢, and placing the edge of the ruler against this line, unllamp the 
vide Fig 3 table once more, and turn 1t about until the point ¢ 1s intersected, 
: now clamp the table, and 1t will be in position and the unknown 
point z, will be situated on the line ¢ p ¢, to find this point it 1s merely necessary to 
intersect either of the points as 4, and diaw the line 4 a 2, and the accuracy of the 
operation 1s tested by intersecting the other pomt 3B, and drawing the lme BO x 
which should intersect the line A a z, on the line ¢ p g, thua giving the position of z on 
this line. 


The demonstration of this problem 1s evident to those acquamted with the same 
problem in plane tngonometry, 1t only remains to be remarked, that when the point ¢ 
with regard to the pont # 1s situated on the other side of the line 4 3B, or below it, oo 
lines a » and 6 m will sntersect on the opposite side of the lime a 4, to that on which ¢ 
ws, andif the pomt ¢ be situated within the tnangle 4 B C, these lines (an and 6 1) 
will diverge instead of converge, 12 which case they must be prolonged on the opposite 
direction, until they intersect for the point p 


Vide Fig 2. 


N B,—The accuracy of the result depends on the length of the line ¢ p. 


Remanx —The problem for fixing an unknown station by observations thereat to 
three known ones, 18 only applicable to reconnoissance, and totally inadmissible for 
accurate surveying. The rules for tngonometrical operations prescribe symmetry and 
the measurement of every angle at accessible stations Plane tabling is perfectly simi- 
lar, and the points at which the table 1s to be set up should first have rays drawn to 
them from the tngonometncal stations. Interpolated stations are madmsmble except 
for very subsuary details, and should, for such purposes only, be fixed by the needlo 
and three known points at least. 
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B. 


G. T. SURVEY. 


Rvies FOR THE DETERMINATION OF THE VALUE OF A ,LEVEL Scazz. 


The value of the divisions of the scale of a level may be ascertained by affixing the 
level to the frame of the vertical circle (or making 1t mde parallel to the telescope) and 
then taking readings of the microscopes mm two positions of the bubble, whence com- 
paring the number of divisions of the level scale run over by the bubble, with the cor- 
responding angular motion of the vertical circle, as measured by the microscope, the 
value of one division of the level scale wall be obtained by simple proportion, as shown. 
in the following example. 


Experiments made at Rahanpoor, January, 1840, to determine the value of the diwitsione 
of the axis level appertamming io the cwrcie Troughton 























5 Microscope readings. Level readings. ie E 
; ; | steam L | g| 0 Mean ie 
D. E. \ Differ- 
: Gj | Dutee | ena | & | ona | § | tue | 2a 
70°7' | 7°25'47"0| ” | 25410) “| ” | 856! 48 4 
7 26 20 .6 138 5| 26 141 1381 33 3 || 509 34.7| 830'346| 34.65 | 0 9610 
7 2612.1] 84/26 60/81, 825 || 699 90) 739/91; 905 | 09116 
7 2562 1|100) 25 562] 98; 990 || 701,102 638/101) 1015 | 09754 
7 26 62 .2| 9.9) 25 450/112 1055 | 810109 681/107, 1080 | 09769 
72544 2} 80/25 373|77 785 | 899,89 443/88, 885| 08870 ' 
72611 1|269}16 4927612725 | 612 287' 730'287| 2870 | 0.9496a ¢ 
6 6614 ™) 
ee IEE 
Mean value of one division of the level scale ...... « 0 9436 


The above form exhibits only a fow of the experuments necessary for determining the 
value of a level. For the azimuth level of an astronomical circle, not less than’50 to 
100 observations should be taken, for the azimuth level of the Great Theodolite about 
$0 observations will suffice; for transit axis levels about 15 to 20 observations; and for 
infenor mstruments about the same number. These observations should not be taken 
at one time, but under as great a range of temperature and circumstances as practicable ; 
some in the ‘hot, some in the cold weathcr, morning, noon, and evening, with various 
lengths of run; taking special care to avoid allowmg the bubble to approach too near 
the end of the scale on the one hand, and on the other avoiding small runs. The run 
to be measured should not in any case be much less than 10 divisions, because the 
uncertainty of reading, ansing from indefimtude in the bubble, partial expansions, and 
other sources of error, produces a proportionally greater effect ona small run. Sup- 
posing for example, in a fine level, that the uncertainty in two readings, ie. on a run, 
may be 2-10ths of a division (which is a moderate assumption), then the uncertainty in 
10 divisions will be 1-50th part of the whole quantity. In small common levels, the 
uncertainty will be much greater, perhaps as much as half a division. 
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A good level should be sensible in every sense of the term; vis. both sensitive and 
steady. This happens when its internal surface has been ground to an arc of a perfect 
heircle; but as the instrament makers have no certain means of grinding to a perfectly 
circular figure, the requisite conditions are in a great measure a matter of chance, and a 
{ good level a matter of selection. 

In circles, equal parts of the circumference subtend equal angles, which is not the 
case with elhptical or other geometrical curves, or with an irregular curve. If the 
internal surface of alevel were perfectly cylmdrical, the bubble would remain at any 
[part when the cylinder was level, and would run up to one end or the other on the 
slightest inchnation, so that the quantity of angular deviation could not be measured. 
‘Tf the internal surface were convex, the bubble would ran on to one end, and there 
} would be no mndication of the true level, or of the amount of deviation therefrom. If the 
surface be concave, but of elliptical or any other curvature excepting circular, equal 
“parts will not subtend equal angles, but the indications would otherwise be steady 
Lastly, if the surface 1s rrregular, the bubble will be hable to fits and starts, and irre- 

, gular indications. A good 10 or 12 inch ground level generally runs 30" to 40" in the 
‘inch, although they sometimes run as fine as 20” to 26", but the latter are generally 
unsteady. Common short levels run from 40” to 100” in the meh, 80° being not an 


unusual value. Supposng the internal surface to be a true circular are, the radius of that 


) circle for a level having 80” m an inch will be 573 fect, because, to"5y == fara == 578 


feet. For 40” to the inch, the radius is 430 feet, and for 80", 214 feet. 

As the grinding does not extend to the extremities of the glass, and no readings are 
ever taken near the ends, 1¢ 13 necessary, when measuring the runs, to be careful not to 
make the bubble approach too near the ends, as has been already remarked. 

Tf the runs of alevel vary under different temperatures, the mternal surface 1s moat 
likely an elliptical or some other geometric curve. A mean value, derived from expe- 
riments under various temperatures, should 1n such cases be used, provided the variations 

are minute, but xf they are large, 1 may be necessary to use a different value for 
different temperatures, as shown 1n the annexed memo. of experiments. 

Memo. on the level experunents at Kahanpoor, 1839-40. 

The run of the level 1s apparently very much affected by temperature, as will be seen 


from the following statement. 
Temperature 74°.8 Value of 1 division 0°.7871 
: 3 72 4 Do. 0 .7594 
6 70 .6 Do. 0 .7478 
2 66 .45 Do. 0.7317 
60 .27 Do. 0 .6858 
Mean. 68 9 Mean. . 0.7424 


This indicates a correction of 0” 00698 nearly, for the value of the level for every 
degree of the thermometer, on which assumption the computed values for the other 
temperatures, are as below .-- 
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In applying « level to a vertical circle for the purpose of measuring the angular 
value of the scale, the best plan is to fix on the bars, or on the telescope, 2 Ys of wax, 
in which the level can be made to sit firm, taking care to secure it from accident by 
tying 1t on. The level must be accurately cross-levelled, so that 1f may occupy the 
same position under tral, as in actual use. If there be no cross-level attached, one 
may be temporarily fixed on with wax, before dismantling tho level, but if means are 
not available for this purpose, then before taking the level off for trial, mark with pen 
and ink on the glass, the outline of the bubble. This will give the means of approxi- 
mately cross-levelling, and however rough the device may be, 1t 1s infinitely preferable 
to trusting to chance. 


Besides this mode of determining the value of a level scale, there is another method 
applicable to levels of azimuthal mstruments which may be called an exammation in 
situ, as it does not require the level to be detached nor fixed on to a vertical circle. 
The method 1 as follows — 


Bring the object or eye end of the telescope plumb over a foot screw. Turn the 
whole instrument till the telescope 1s directed on the referrmg mark at a time of day 
when the altitude 1s steady.* Now level the instrument. It 1s clear that 1f the screw 
under the telescope end be raiscd and depreseed, the amount of dislevelment so occa- 
sioned may be measured both by the level and by the apparent change of altitude in the 
mark, consequently the deviations of the former may thus be compared with the divi- 
sions of the vertical circle, This method can only be practised at one period of the day, 
but as that period 1s most favorable for vertical angles, it 1s not unsuitable for obtammg 
a value for correcting those observations. 


N B —Levels bemg very sensitive thermometers, care must be taken not to influence 
them by breathing, or too near an approach of the body. 


® About 34 bours p.m. 
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runents taken at Masuri Observatory to determme the value in seoonds of the Dwisons 
of the Vertwal Asis Level attached to Simms’ 24-Inch Theodolite, No. 2, by Captam 
Thomas Renny Taslyour, Astronomal Aseutanit Great Trigonometrial Survey. 








MICROMETER READINGS. LEVEL READINGS. Computed 
value of one 
rR division of 
A. pf | B ) oe | ar | put |o ena.| Dust, | Mea ||Levelecale 
ak, ee eae ge a, a a. 

66’ 25” 2 56’ 44” 8 : 
57 15 2 | 50’0 | 67 84 .4| 49°.6 | 49” 80 6 | 499 50.2 0°.9950 
56 35 .4 | 39.8 | 66 54 6} 39.8 | 89 .80 0 | 39.4 39.4 1.0102 
67 83127 9 57 28 3} 28 7 | 28 30 28 3 27.6 1.0148 
66 438 8| 19 5 56 63 2| 20.1 | 19 80 18.3 17.7 1 1000 
66 54 7| 10.9 56 78 9| 10.7 | 10.80 9.3 9.4 1 1551 

67 17 8 57 388 6 ; 

68 81] 45 8'58 23 8! 45.2 | 46 50 444 1 0806 
57 30 3 | 82 8 47 61 7 | 82 1 | 82 46 33 5 33 8 0 9643 


22 0 '22 .30 23 6 23 8 0 9409 
14 6 14.30 148 0 9795 


| 


67 62 9| 226 87 73 7 
57 38 8 | 14 1 | 57 59 2 
56 29 7 56 49 8 








57 8 8) 38 6 | 87 26 ul 36.9 37 765 37.7 1 0018 
56 39 0 | 29.3 , 56 58 4 28 .3 | 28 .80 98 6 1,0249 
66 67 .8 | 18 8 |66 77 0) 18.6 '18 70 192 09740 
66 47.0 | 10 8 |56 65 4111.6 (11 20 10.8 1.0667 
56 81 8 56 61 2| ; 

57 4.8] 33 0 | 67 23 4| 32 2/32 70 33 4 0.9820 
66 40 .3 | 24 5 | 56 60 1] 23 3/23 90 240 10042 














66 56.0 | 15.7 | 66 74.2) 14.1 | 14 90 1.0567 
y 10 previous measures at Temperature 46° 8, A Sah 3 1*.1639 
710 = to ditto = 47 naan ee siceeac: (Wes 
y10 — ditto ditto «0 8 ewe cee .. LL 1627 
y10 — ditto ditto 58 6, 1 1663 
y10 — ditto ditto 658 6... 1 1205 
y 16 measures at Temperature 70° 9 as shown above .. . 1 .0187 

General Mean of 66 measures at above Temperatures 11311 


Rewanxs —The azimuth level was examined in situ, by bringing the eye end of the 
ope unmediately over one of the foot acrews, and at the same time intersecting the 
es of a 80-inch Transit used as a Collimator. 


> runs of the transit axis level of the same instrument were determmed by fixmg 
2 the vertical circle. The mean of 60 observations at temperatures 47°4 to 56°5 
9 0” 71859 for the value of one division of the Level Scale. 
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C. 


RULES FOR CORRECTING VERTICAL ANGLES FOR LEVEL ERROR. 


Extract from Circular Order, Department G. T. Survey. Surveyor-General’s Field 
Office, Dehra Doon, 1st September, 1849. 


2nd The reading of each end of the level is to be registered in two columns marked 
“object end” and “‘eye end.” The object end readings are to be marked -++ and the 
eye end readings marked —. The Algebraical sum of the whole will be divided by the 
number of level readings, each end being considered an independent observation. The 
quotient will be the level error in terms of the level scale, which, multiplied by the 
angular value of the divisions of the scale, will give the angular correction with its 
proper sign, to be added algebraically to altitudes, and subtracted from depressions. 
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D. 
DESCRIPTION OF A NEW THEODOLITE STAND, 


IN USE WITH THR G.T. SURVEY. 


Plan showing the head of a trestle composed of three solid pieces notched down on each 
other. Diameter 8 inches, thickness 2: inches. 


Plan of trestle head showing the brass grooves suited to Theodolites of 5 inches to 12 
inches, 


The screws all brass, with nuts of brass. 





H 
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DESCRIPTION OF A NEW PLANE TABLE, 
IN USE Wits THE G.T. suRVEY. 


feIh 


A shows the under part of a Plane Table, with the brass Socket screw in its centre | 


countersunk and fixed by 4 screws. The board 1s made of planks of well-seasoned toon 
or deal wood, one inch thick. To prevent warping, edge bars are attached across the 
grain. These edge bars are to be fifed firmly by one screw in the middle. Theres , 
also one screw at each end, passing through a long hole, so as not to impede expansion 
and contraction. These latter screws should have broad heads, and should not be 
screwed too tight, and the shoulders should be slightly bevelled, or turned off, 20 as to 


Moreover a piece of brass or tm should be placed between the ehou!- 
ders of the screw and wood, to prevent countersinking, which would 
prevent the expansion and contraction of the wood. After being 
made up and well aired and seasoned, the surface of the board should 
be planed true and smooth, 

B is the screw for fixing the Table and the Stand. 

C is the Sight-rule for Plane Table. 


Guwarat Ruwanx.—Iron is inadmissible on account of the Compass. 


D 
( EXAMPLE ler. } 
NORTH EAST LONGITUDINAL SERIES. 
Vertical Angles taken at CHANDIPAHAR HILL STATION, with Lreut.-Colonel Waugh's 24-inch Theodolite, No. 1. 
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APPENDIX. XXxiil 


F. 


ESTIMATE FOR A TOPOGRAPHICAL SURVEY PARTY, 


INSTRUMENTS, 


THEODOLITEs.—One large Theodolite for operations of extension, viz. a 14-inch, 
12-inch, 10-mch, or 7-mnch, according to the distance to be tmangulated. One 
7-mnch or 5-1nch for each Assistant Surveyor employed on internal operations. 


Sienars.—Ten or twelve Heliotropes, large and small, for operations of extension ; 
eight flags with bamboo staves, &c, for each Surveyor employed In hilly 
countries poles and brushes can be used extensively, and flags will not be much 
required 


Piane Tastes —QOno for each Surveyor employed, including the officer in charge. 


Maeneric Compassxs.—Two box needles for each board, two prismatic compasses with 
stands for the party 


Maanets.—One pair, for remagnetizing needles. 


Mzasvrgina Apparatus —One iron cham to be used as a standard of comparison, one 
5-foot standard iron bar, one measuring chain for each Surveyor, or one or more 
perambulators in lieu of cham, according to the nature of the Survey. 


BaRoMETERS.—Two, previously compared with the Surveyor-General’s standard, for 
determining the altitudes of places unaccessible to trigonometrical levelling. 


\FFI0H InsTRUMENTS.—One box of mathematical instruments each , one box of colors,* 
&c, each, one Gunter’s scale, two beam compasses, large and small, one 


straight-edge flat ruler; one T square, one parallel ruler for each Plane Table 
Surveyor. 


looxs.—Manual of Surveying for India; Loganthms; 1 Bagay; 1 Shortrede; 1 
Hutton, 1 Babbage Numbers, 1 Babbage Sines and Tangents (Callet’s). 


Native EstastisaMent. 


"ormanent Estabiishment—12 Heliotropers, Flagmen and on at 6 Rs, each 72 Rs. 
12 Lascars, at 5 ..... ccc cccescaccceass ‘ és evi, wee OO" Ge 
oa a ape ate Nay shed oie # a ie aia aaah ainwel LO gy 
2 Hurkaras, at5 .. .00.... : ree 
1 Guard Military. 

1 Native Doctor, at 25 or 30 Bs. 
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Temporary Establishment during the Field Season,.—4 to 10 men extra for each Assistant 
Surveyor, according to the nature of the work, at 5 Rs. each. 
Camels, 3 for Office Tent. 
” 1 5 5, Records. 
” 1 ,, Tools, &e. 
“3 1 ,, Medicino Chests. 


As many of the Pormanent Establishment as can be spared, are allowed leave on half 
pay during the recess. 


Foolscap Paper ..csecceces soscscccccces co ccessesecvcssesss 1 Ream. 
Country ditto... 6.5 cece cuee eer Carre bel eteR: Sele. Ag 

Qale  hadés ikeatwe Ve. oelewe oe ile esse seek couege en wane 100 

Steel Pens ..... ... sieaisaaisee a eer piCateeene Aaa weeny Se GEOR: 
Blotting Paper ........ ede Loe vedo eeade ceca’ ove. 1 Qaure cach, 
Atlas Drawing Paper ..... ebaSa Beesce eiceawetee> weeve- a: a> “SO Shoots, 
Todia Rubber cisstcvcs & se S408 0 seceeess's . « 2 Pieces. 
Pencils, Drawing 2. on scenes te cee te eee tee 1 Dozen. 


Tracing Linen zee oe a Wes owas or 6 Yards. 
Books— 2 Letter Books, 3 quires Foolscap. 

1 Pay Book, i as 

1 Contingent Bill Book, ,, 

1 For each Assistant _ 


4 Memorandum Books for cach, one Quire’ 
Lathographod Forms, Angle Books, &c , to be indented for as required 
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Gd. 


1.—The whole district to be surveyed should be apportioned off in sections to the 
Asmatants by the head of the party, who is responsible for the combination of the 
different parts 

2 —On the one inch scale, the most conyenient mze for a plane table section is fifteen 
minutes of a degree or about 17 2 inches in Latitude by 17 to 14 inches m longitude, 
according to the parallels, Such a section will require a board at least 22 inches 
square, so as to give room for external points as adverted to m pat. 49, but boards of 
26 X 30 inches would answer better, because room would be given for additional tiers 
of sub-sections to assist m protracting external points. It is to be understood, that the 
lines definmg sections are to be set out to correspond with the geographical degrees and 
quarter degrees, and they may be projected by doubling the tabular quantities in Table 
x1 of the new Geodetacal Tables,* taking due care that the central meridian of each 
scction intersects the parallels at right angels. Vide Example G’. 

3.—The sections may, for convenience, be subdivided mto sub-sections of 5’, and the 
Tngonometncal. pomts will be projected by the use of appropnate scales. t 

4 —The section lines define the lumts to be surveyed up to, so that when all the 
sections are placed side by aide they are intended to produce a complete map. When 
any portion of a district occupies a part only of a section, it will nevertheless require a 
full sectional sheet for its survey, however small the portion surveyed may be, so that 
every field shect will be of uniform size. The assistants should work together in the 
first instance at their common boundaries to such extent as will ensure agreement on 
the lines separating their respective portions To effect a general agreement and con- 
sistency of style, the head of the party should be competent to direct and instract his 
subordinates n every part of the work. 

5 —These sectional sheets are the field books of the Survey, and must be preserved 
accordingly, They are therefore intended to be sent to the Surveyor General, by whom 
they will be placed mm a book or portfolio, duly mndexed, previous to dispatch to the 
India house, 

6 —The meridian and parallels defining the sections, are to have their Geographical 
values carefully printed, whether they be degrees or quarter degrees, for on this depends 
the due incorporation of the sheets without mistake. As a further precaution against 
confusion or omussion, each sheet jo to be endorsed on its back, with the Nos. of the 
meridians and parallels by which $ is bounded. 

¢ —For the half-inch seale, the sections should be half a degree in latitude and longi- 
tude, and to them the other rules above given equally apply. 

8 —The names should always eq printed to the right of the villages or towns to which 

a aaa sa aca aes 1. @, due east and west; the names of myers para)- 





* New diagonals will require to be Somputed, or protrastion will answer, proving by the two 


+ One advantage of these subsections is as follows —Paper 1s hiabl expan from 
hygrometne causes On account of istartuom so engendered: no’ mo ca bg aad le 
spaces. Half a per cent of alteration is not an unusual quantity in dia This will be near 
insenmble in a space of 5 Hence the map msy always be reprojected from the numerical values cf 
trigonometrical data, after which the details of the 5° spaces can be copied without 
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lel to their courses, and the same as respects those of mountain ranges. With regard to 
the size of print applicable to these names, and to those of territorial divisions, modern 
or ancient, reference may be made to the Manual, part in., chapter 25. 

9.—After the field sections have beon fairly copied into the general compilation map 
on the game scale, they are to be carefully packed in double tan and & wooden case, and 
forwarded season by season to the Surveyor General, with a copy of the register. 

10.—The compilation map is intended to ancorporate the field sections into a district 
map, in which unity of style is particularly to be attended to. This compilation is to be 
forwarded to the Surveyor General (carefully packed as above) after the receipt of the 
field sections has been acknowledged. Thus 1s in accordance with a general rule, not to 
entrust the ongmal and duphcate of any work to the post at ono tume, thus the means 
of replacing a lost document will always remam in hand. 

11.—No specific rules seem necessary for the preparation of the fair compilation map. 
The projection of the geographical lines on which 1t depends will be based on the Geo- 
detical Tables, and care 1s requisite in proportion to its superior size, so that the projec- 
tion may not accumulate error The projection of the Tngonometrical stations must be 
carefully done by appropriate scales and duly verfied by hncar distances, after which 
the easiest way 1s to trace m the details of each section consecutively from the glass. 
Great care and precaution will be required m preserving the compilation map from n- 
jury and hygrometric changes. When the mze of the district requires that the one mch 
scale compilation should be got up in sheets, then each shect when fimshed 1s to be sent 
to the Surveyor General. 

12 —The same rules apply precisely to the reduced quarter inch scale map. 

13 —The skeleton map 1s to be a mere outline, shewing the extent surveyed by each 
mdividual, distinguishing tke same by a wash of color and the season of survey recorded 
thereon, which with the geographic lines will serve to ulustrate the Narrative Report, 
and show the progress achieved. 
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H. 


VERTICAL OBSERVATIONS. 


Exreact rrom InsTRUcTIONS FOR A TRIGONOMETRICAL SURVEY. 


1.—Every exertion should be made to enable you to observe verticals at munimum re- 
fraction, for those taken later are worthless—about half past 3p m or as soon as objects 
begin to steady for horizontal angles, they mise at the rate of 1” per minute, or even 
more rapidly, Thus a few minutes difference of time will cause greater error, than ob- 
serving unsteady objects. As a general rule, 1t 18 better to observe verticals too early 
than too late, for even at noon the uncertamty im the mean of several intersections to an 
undefined dancig object, would not much exceed 2”, an error which at a later period of 
the day might be occasioned by about 2 minutes in the time of observaton. 

2.—If your sides im the plaims do not exceed 11 miles, your stations always on high 
ground, the towers sufficiently high and due care taken to avoid intermediate obstacles 
such as can neither be removed nor surmounted, there will be no difficulty in getting 
verticals at mmimum ‘The period of minimum refraction lasts a considerable fame, pro- 
bably from noon to the epoch of maxumum temperature, which 1s generally reckoned to 
occur about 3p m As soon as the thermometer begins to fall, objects begin to rise, 
and it 1s the evil effects of this uncertain change im altitude which it 1s desirable to 
avoid. When verticals are observed before 3 p m inthe cold, and say half past 3 p m. 
in the hottest weather, identical tumes are of less importance, because in several minutes 
there will be no change of altitude, but stall 1t 1s a good habit to observe reciprocal veu- 
ticals at exactly similar tumes, for 1f from circumstances, the observations should in the 
least degree overstep the mits of mmmimum, then perfect equality of time 1s an essential 
condition of success. To ensure this requisite identity of tume m reciprocal observations, 
a well regulated watch 1s necessary. In the plains time can be ascertained with suffici- 
ent exactness by observing sunrise and sunset (noting the same in the angle book,) the 
half interval between which will be apparent noon; or apparent noon can be estamated 
from sunrise or sunset alone, by means of a table of the sun’s rising and setting, such ag 
18 published in the Bengal Almanac. In hilly countres this simple expedient cannot be 
practised for want of a natural homzon, but time can always be ascertained with suffi- 
cient exactitude by equal altatudes of the sun, taken with the small Theodohte. By any 
of these means, you can regulate the observations of reciprocal verticals, so that they 
may correspond exactly m regard to equal apparent times after noon, and 1t 1s the time 
from apparent noon which should be recorded in the angle books, not watch times, 
which give vast trouble afterwards 

3—I would advise your having small mght vanes attached to the top of your 
lamp boxes, with trestles of sufficient height to raise the centre of the Heliotrope 
aperture to the usual height of the axis of your large Theodohte. By this means you 
will gain the followmg advantages — 

Ist Your Helotrope and lamp will be rased above the tower, and the additional 
Lampe not being used height will improve the appearance of the object. 

in Sopographicalsur- 2nd. The sight vane, bemg attached to the heavy lam 

So ee poeta will be steadied thereby re 

fthcantecttats 3rd. Both bemg i perfect adjustment sumultaneously, the lamp 


XXXVill APPENDIX. 


at ae can bo lit exactly at sunset, and all hurry and confusion in set- 
made equal to the ting the lamp box avoided. 

amioftheTelomupe, 4th. The height of eye and object being identical, you oan 
so that the eye and without any trouble calculate, in the field, the haght of your 
may canol each other stations, and satisfy yourself of their correctness on the following 
by equal principle, In any triangle 4 B C, if you take the height of 4 as 
zero, and the comparative height of 4 to B and (to B and A to C, the result of level- 
ling round the circuit should reproduce zero for the height of 4. Good observations 
should not give an error of more than 1 or 2 feet in a circuit of 3 sides. To carry out 
this principle efficiently, you should have heavy well-made plummets, which you must 
provide yourself with in due time. 

4. Heavy plummets are also necessary for plumbing towers where reference 1s made 
to the lower mark. You can either make this reference the usual practice, or place a 
temporary well centered mark at top, taking care to ensure identity, and measuring the 
height of towers yourself, so that the results may all be refermble to the mark at the 
ground surface. 

6 It sometimes happens that the height of an inaccessible point is required to be 
derived from a vertical angle observed to it from a great station. The principle of 
computation in such cases 1s explained mn the Manual, part in , chapter 19, and requires 
no further elucidation except as regards terrestrial refraction. 

6. There are no certain rulcs for estimating terrestrial refraction, but with care and 
attention a much nearer approximation may be made than if all consideration of arcum- 
stances was neglected Reciprocal observed verticals, compared with the contamed are, 
give the true sum of the refractions at each end of a ray, which sum, divided by two, 
is the mean refraction deduced by observation Dividmg this mean refraction by the 
contained arc we get the ratio of mean terrestrial refractions m terms of the angular 
distance or contained arc, but as the value of this term differs according to the radius 
used in computing it, the ratio of refraction will also vary accordingly Due discrimi- 
nation must therefore be used in applying such ratios to single verticals, for the same 
lind of radius of curvature must be used, as was employed mm deducing the ratio, viz. 
either the normal, the mendional radius, the mean radius, or the true radius of curva- 
ture, due to the oblique arc. 

7. At the northern extremity of the great arc, the mean terrestrial rofraction was 
found to be nearly ;,th of the contained arc, computed with the normal as radius, but 
this ratio 1s applicable to dry weather, and peculiar local circumstances 

8. In the Darjling operations on the other hand, the mean terrestrial refraction was 
found to be ;1. of the contamed arc, sumlarly computed, or ;}, of the same arc com- 
puted by the true radius of curvature. These ratios are, however, applicable to a very 
moist climate and the months of October and November. 

9. In the mountain operations crogsing the Himalaya, all the stations of which series 
were greatly elevated above the sca, some of them attaining an altitude exceeding 17,000 
feet, the mean terrestnal refraction was found to vary with the season, as will be seen 
from the following statement, the ratios in which were computed with a mean radius of 
curvature equivalent to the radius of an oblique are of 45° azimuth :— 

March. Apri, May, June. July, August, September. October. 
0-06 0:07 0°08 0 06 


10. The annexed memorandum exhibits the mean terrestrial refractions given by 
great trigonometrical operations in the Jhelum and Rawulpindee districts, the contained 
are being computed with a mean radius of curvature, +.¢. mean betweon normal and 
meridional radzus. 
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11. This table exhibits the mean ratio for terrestrial refraction proper to be used in 
the locality indicated, and similarly, the proper ratio should be deduced for every other 
locality and season from the principal operations. 

12. It will, however, sometimes occur that an inaccessible point has been observed 
from a great number of stations at very different distances, varymg perhaps as 2 to 1 or 
upwards, Such single vertical angles, repeated at variable distances, will furmsh a 
most satisfactory check, for xt 18 clear that all the values of the height of an object 
should be identical. If, however, the greater distance gives the greater height, then too 
little correction has been apphed for refraction On the other hand, if the greater dis- 
tance gives the lesser height, then too much correction has been applied, and the ratios 
may be altered judiciously to produce consistent results. On fimshing the back obser- 
vations to towers or other stations, a tumulus of earth or pile of stones should be made 
at top, so as to prevent rain getting down the central aperture, or isolating annulug, and 
thus speedily destroymg the tower The vault of access to the basement mark should 
also be closed and the ramp cut away. These precautions have been mentioned before 
m my paper on towers and previous mstructions, but still I find they cannot be too 
strongly msisted on, 
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Memorandum of Mean Torrestrial Refractions in the Jhelum and Rawulpindes 
Districts—season 1851-52. 




















Ratioofmeanter- | 
= ! 
Eye Staton, | Object Station, | {2 comtamed ere, | Monts ie winah BeMazes, 
mean radius of 
curvature 
Jogi Tila, | Mongri, 068 | Noy. and Jan. eee: 
Jaoli, | Nov. and Dec. | . iy no? & 
Kundi, O71 | Apriland Nov. | ¥| . (BEY 5 
Kudiali, 070 | Apni and Nov. | 5 | 4 [<'g ®4 
Daolatnegar, | 067 November. | 3 i & ged 
Jaoli, | Mongri, .069 { Dec. and Jan. | o 8 ‘g is 
Soorla, 070 =| Dec.andJan. |= | ac 
| Kundi, 071 Apriland Dec. |" | [3245 
jana, 074 | ecember 2] Fes d 
' Nerh, 076 December. 8 . 
Nerh, | Kundi, 072 | April and Dec. |. Z fal E 
hagriana, Nerh, 07 ecember. §| 2) ° 
Soorla, .082 Dee. and Jan § E 
Loiset, 07 Dec. and Jan. | 3 B 
Gandgarh, 074 Dec. and Jan. {§ 
Loiset, Gandgarh, .083 January. 3 
Adjar, .069 January. = 
00, .068 + January. . 
Pathnijala, 072 Jan. and Feb. | § 
Scola, 070 anuary. 8 el 
Adjar, Gandgarh, | .084 January. s, 
aloo, | 076 January. § 
Kaloo, Pathryala, .050 ' Feb 3 
Pathrijala, | Jhamut, 7069 ~—! Feb. and March F 
Pari, 065 , Feb. and March 
Soorla, 070 Jan. and Feb. 
Soorla, Sidhr, .070 ' February. = 
Pari, | 066 Feb ; s 
Taman, Pari, .060 | Feb. and March. 
Thamut, 064 March. 2 
i Bani, .066 ' March. bay 
| Sakesir, 062 =! March. 3 
| Jatla, .046 March. é 
Tatle, —_, Sidhr, | ‘063 March. |S 
Sakesir, .065 March. q 
Sakesir, | Bani, | 069 March. L 


Observed by G. Logan, Esq., 1st Assistant G. T. Survey. 
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I. 


FINAL PROFESSIONAL REPORT OF THE SURVEY, AND CONSTRUCTION 
OF THE MAP, 


Heads of subjects to be discussed. 


1. The orders and instructions for the Survey to be briefly referred to. 


2 The instrumental equipments of which a return should be made, partacularizing 
their values and condition at the outset and termmation of the work. 

8 A nominal statement of the Surveyors employed, the quantity of work achieved by 
each, their length of service, &c 

4 Area surveyed, with cost of execution and rate per square mile. 

6 Anarrative of the operations descmbing the date of taking the field, and time 
occupied im field work. Method of procedure, value of the unit of measure, whether 
derived from the G@ T. Survey or from mdependent bases Determmation of pomt of 
departure, if fixed independently, how® or the precautions taken to have xt fixed here- 
after by the Great Tngonometrical Survey. The steps taken to form a connection with 
the great triangulation by using its marks, or leaving marks for future reference The 
determination of imtial azimuth if not derived from the G. T Survey. The verification 
processes followed, such as angular proofs — 

Ist. By geometrical conditions, 
2nd By verificatory azimuths. 

Linear proofs — 

lst By verification measurements 
2nd. By errors on closing 

The result of these checks to be stated. 

6 An account of the office dutios, specifying hours of business, whether all arrears 
have been brought up, or how much remamsin hand Whether the field books have 
becn brought up in duplicate, so as to be ready for submission. 

7. Whether the survey 1s complete in all topographical details, or only partial, and 
what precautions have been taken to prevent omissions. 


8 Remarks on the details, drawing, projection and construction of the map, and how 
far the character of the country has been successfully represented. 


9 An account of the boundaries, general and subsidiary. 


K. 


DESPATCH OF THE HONOURABLE THE COURT OF DIRECTORS ON 
STATISTICS, 


Copy of a Letter from the Honourable the Court of Dsrectors (Statistical) No. 6 of 1846, 
dated London, the 3rd June, 1846. 


1. The great practical importance of Statistical enquiries and the attention which 
they now receive from the most enlightened European Governments, have mduced us 
to take measures for mvestigating the Statistics of the countries under our admunistra- 
tion, and for arranging and preserving in a form convenient for referonce, the informa- 
tion which may be attainable. « 


2. With the view of accomplishing these ends, we have formed a Statistical Depart- 
ment in our Home Establishment, in which the requisite enquinies will be conducted, 
and the materials thereby obtained classified and compared. 

8. The voluminous Records and Documents in our possession, contain a vast amount 
of Statistical information, and the labours of the new Department will, in the first 
instance, be directed to extracting and rendering it available for reference, these duties, 
which have already commenced, will continue for a long penod to claim a large share 
of the tame and attention of the Department, but the results will be umperfect, unless by 
the co-operation of our Governments in India, in collecting and transmitting Statistical 
information, we are enabled to remedy the defects, correct the maccuracies, and as the 
condition and circumstances of all countnes are in many respects constantly varying, to 
note the changes which fime or other causes may produce. 

4 We do not donbt that our servants will cheerfully afford therr assistance for these 
purposes, and as the aid which they may render m this respect 1s not mtended, and 
must not be permitted to interfere im any degree, with their ordinary duties, no detri- 
ment will arise to the public service, but, on the contrary, much advantage may be 
expected from the transmission home of such mformation as to local details, which so 
many of our servants cannot fail to possess. 

6. Information will be most demrable on such subjects as the following-- 

Lanp,— Area. 
Geological structure. 
Natural aspect, 
Soil. 
Atmosphere and climate. 
Productions. 
Modes of cultivation. 
Prices of principal products. 
Tenure and occupation. 
Modes and rate of assessment. 
Labour employed, and its remuneration. 
Watzr —Navigable Rivers. 
Description of. 
Length of. 


APPENDIX. xin 


Waran—How far navigable. 
Vessels employed on them. 
Laxes,—Description and situation. 
Canais.—Their purposes. 
Length and depth. 
Vessels employed on them. 
Cost and return on the outlay. 
Wells and Tanks. 
Means of irrigation in each district. 
Harbours, and shipping frequenting them. 
Crrmes.—Towns and Villages. 
Situation and general description. 
Number of houses, and whether Pukha or Kacha. 
Popunation.—-Numbers of people of different descriptions. 
Employment. 
Languages. 
Condition. 
Health and Disease. 
Ditto of Troops, especially with presumed causes of health, or diseased state, 
and the treatment (not strictly medical) found to be useful. 
WearrtH.—Education, and method of pursuing it. 
Chantable Institutions not Educational. 
State of litigation and of crime. 
Police, number, remuneration and efficiency. 
Communcer.— Manufactures. 
Capital employed. 
Imports and Exports from official sources 


Exchange. 

Weights and measures. ° 

Coins. 

Banking operations. 

Lending and borrowing. 

Modes of transit and communication 

By Land 

By Water. 

Impediments, and their duration. 

Fords, Ferries and Bridges. 

Postal Arrangements. 

Taxation. 

Sources of Revenue, and produce of each Tax 

Mode of collection. 

Number in Sebundy or other corps, engaged in collecting revenue. 

History and Antiquities, facts illustrative of more recent history, and of 
changes, Political or Agricultural. 

Public Buildings. 

6. We need scarcely observe, that in Statistical investigation, the most rigid accuracy 
as to matters of fact 1s indispensable. Erroneous information will be worse than none, 
because 1f can but tend to mislead. 

7. There may be some subjects, especially those relating to Physical Science, with 
which our servants generally may not be minutely acquainted, and no statement on 
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these or any other matters of inquiry, will be of any value, unless they be both precise 
and accurate. Where the requisite measure of scientific knowledge 1s not possessed by 
others, it may perhaps, in many cases, be supplied by our Medical officers, and their aid 
will, we doubt not, be cheerfully rendered whenever required. 

8. In conclusion, we direct attention to the following general instructions. 

9. In all cases, where practicable, reports should be the result of the personal know- 
ledge of the officer reporting, and where such is the fact 1t should be mentioned. 

10, Where, from any cause, the personal knowledge of the officer cannot be extended 
to any object of inquiry, the authority on which the reported facts rest, must invariably 
be stated, ether in $M margin, or mm the body of the report 

11. When estimates only can be furmahed, the grounds of each estimate must be 
stated, and the reason for adopting it. 

12. Where information 1s orally given, it should be committed to wntmg at the time, 
in like manner personal observations should be recorded at the moment of making them. 

13. In addition to the names by which places are known among Europeans, it would 
be desirable that the onginal names should be given, both in the Devandgan®* and Urdu 
character, according to the best authontes, especially local and native 

14, In regard to coms, weights and measures, care must be taken to preserve unifor- 
mity as to valuation, comparison, and conversion, and to ensure this, Prinsep’s Useful 
Tables may be taken as a guide. 

16. Where any material yanations exist in different parts of any country or divisions 
of a country reported on, the nature and limits of such variations should be preusely 
pointed out 

16. It will be observed, that the greater part of the structions above, are designed 
to ensure accuracy, the importance of which we have already adverted to It 1s the 
more necessary to dwell upon this point, inasmuch as some previous attempts to afford 
statistical znformation are ensatisfactory, because obviously incorrect 


® The proclamations and state advertisements in the Calcutta Gazette are usually printed in the 
Devénégari as well as in the Urdu or Arabic character. 
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TABLE 0. 


Showing the Length of a Degree, Minute, and Second, of Latstude and Longitude, 
Sor every Degree of the Quadrant, the Compression of the Earth being 


Soi’ 


Lavrrcps. LonerrupE. 
Lengths m Feet of a 


Degree. Minute.| Second.) Degree ‘Minute {Second = Degree [Mnute, Second, Degree [aanate [Soom 
‘304547 | 6075 8 
6076 











" 962759 6046-0 | 100 76 | 965147 | 6085 8 101°48 
963761 6048 0 | 100 76 | 365091 

' seaves 6046 1 ' 10077 | 364995 6082 1 | 101 37 
$1 392769 6046 2 | 100°77 | 964649 6077 5 | 101 29 
962776 6046 4 | 100 77 | 964268 60710 | 101 18 
62785 6046 4 | 100 77 | 969767 ee 101 05 


4 
5 
a! scare ' e046 6 | 100 77 | sesiei | 6052°7 | 100 88 
8 


101 26 } 258623 | 43104 | 7184 
101 27 | 254084 | 42947 | 7058 
101 26 | 249467 | 41578 | 6930 
$64735 | 60789 | 101 31 | 244744 | 40791] 67 99 
864797 | 6079 9 | 101 82 | 240007 | 40001 | 66 67 
864859 | 6081 0 | 101 54 | 285166 | $0194 | 65 32 


964920 } 6082°0 | 101 96 | 230252 | 8887 5 | 63 96 
964981 | 6083 0 | 101 38 | 225267 | $7544} 6257 
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ee | 
C—] 
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362810 6046 8 | 100 77 | 962445 60407 | 100 68 
962826 6047 1 | 10078 | $61619 | 6027 0 | 100 45 

9 | 369844 6047 4' 100 78 | 360683 | 6011 4 | 100 19 
10 | 969864 | 6047 7 | 100 79 | 859637 | 59940 | 9990 


11 | 362886 ma i 100 79 | 858480 | 59747 
12 | 362010 | 6048 

13 | 362937 6048 : 100 81 | 355846 | 5990 8 
14 | 369966 | 6049 4 | 100 82 | 54368 | 5906-1 
15 | 969997 , 6049 9 | 100-88 | 352782 | 58797 


16 sa bait 100 84 | 951089 | 5851 5 
17 369068 , 6051 0 | 100 85 | 349290 | 5821 5 
18 | $68009 60516 | 100 86 | 347885 | 57897 
19 | 368137 | 6052 3 | 100 87 | 345374 | 5756 2 
90 | $68177 | 6052 9 | 100 88 | 348258 | 5721°0 


91 | 968219 ' 6058 6 | 100°89 | 41038 | 5684 0 
22 | 963262 | 6054 4 | 100°91 | 398715 | 5645 2 
93 | 363306 | 6055 1 | 100 92 | 336289 | 5604° 
363851 6055 8 | 100 93 | 338760 | 55627 
363897 | 6056 6 


963445 6057 4 $28400 

963495 6056°2 , 10007 | 825570 | 5426-2 
363546 6059 1 | 100-98 | 822641 | 5377 3 
$63599 6060 0 | 100 99 | 319613 | 582 74| 366065 | 6101 1 | 101 68 § 100954 
363658 6060°9 | 101°01 | 316487 | 52748 75 | 986097 | 6101°6 | 10169} 94798 


968707 | 6061°8 | 101 02 | 813265 | 52211 | 87-02 | 76| seg128 | 610221 | 10171 | 88613 | 14769 | 2461 
968762 , 6062 7 | 10 08 | 300938 | 51658 | 9610] 77 | 386157 | 61026 | 101 71 } 82400 | 1873.3} 2289 
$63818 | 6063 6 | 101 05 | 906587 | 51089 | 8515 | 78 | Se6ie4 | 61031 | 10172] 76162 | 12894 | 2116 
968875 | ; 6064 6 | 101 07 | 303033 50505 |} 94171 79| 966208 | 6108 5 | 10172] 6900 | 11650) 1942 
963933 | 6065 5 | 101°00 | 299435 6} 8318} 60| 366230 | 6103 8 | 10173} 69616 | 10608} 1767 
1 
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4990 
geseg2 | 6006 5 | 101°10 | 205746 | 49201] 9215 996250 | 61042] 101784 57810 | 9552) 1592 
964052 . 6067 5 | 101°11 | 291966 | 48661] 81 10 396268 | 61045 | 10174) 50986 | 9498) 1316 
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364174 | 60696 | 101 15 | 298149 | 47357 | 79-03 96e0e | 61050 | 101754 38293 | 6382 | 1064 
984285 | 6070 6 | 101 17 | 280098 | 46683 | 77 80 96309 | 61051 | 10175} $1929 | ssa} 887 
710 


a 364297 | 6071 6 | 101 19 | 275069 | 4599°5 | 76 66 10175 | 25555 | 4260 
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45 | 364547 | 6075 8 | 101°26 | 258628 | 4310°4 | 71°84 966335 | 61056 | 101 76 0; 0 0 
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Norz.—The degrees of latitude are caloulated for the latitudes of their middle points. 
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TABLE D. 


For Converting Chains and Links into Feet and Decimals of Feet. 








: 2 a 2 1] 
THEE 
8 S16 
alaleietlalolr Wile); o;n|/ale 
Ft | Ft | Ft | Ft | Ft | Ft | Ft Ft Ft | Ft.| Ft | Ft. | Ft | Ft 
1 264 | 980 } 896 | 462 00 | 50} 33 997 | 868 | 429 | 495 | 561 | 627 
os iad re 264 | 380 | 896 | 462 66 | 51 | 33 997 | 863 429 | 495 | 561 | 627 
67 | 133| 199 | 265 | $31 | 397 | 468 $2 | 52] 34 998 | 364} 430 | 496 | 562} 628 
67 | 198! 199 | 265 | $31 | $97 | 468 98 | 53 | 34 298 | $64 | 430 | 496 | 562 } 628 
68 | 184) 200 | 266 | 382 | $98 | 464 64 | 54135 299 | 865 | 431 | 497 | 563 | 629 
69 | 195 | 201 | 267 | $38} 389 | 465 80 | 55 | 36 800 | 866 | 482) 498 | 564} 630 
69 | 135] 201 | 267 | 333} $89 | 465 86 | 56 | 36 300 | 366 | 452 498 | 564 630 
70 | 136 | 202 | 268 | 834 | 400 | 466 62 | 57 | 37 301 | 367 | 438} 499 ' 565 631 
71 | 137 | 208 | 269 | 335 | 401 | 467 98 | 58} 38 802 | 968 4341 500 566 632 
71 | 198 | 208 | 269 | 335 | 401 | 467 04 | 591 38 302 | 368 | 484| 500 566 632 
72. | 199 | 204 | 270 | $36 | 402 | 468 60 | 60 | 39 303 | 869 | 435 | 501 oe 
73 | 189 | 205 | 271 | 837 | 408 | 469 26 | 614 40 04| so 436 | 502 568 634 
73 | 140 | 205 | 271 | 337 | 403 | 469 92 | 62] 40 304.1370 | 436} 502 568 634 
74 | 141 | 206 | 272 | 388 | 404 | 470 58 | 63 | 41 805 | 871 | 437 | 503 569 , 635 
75 | 141 | 207 | 278 | 889 | 405 | 471 24 | 644 42 806 | 872 | 438 504 | 570 | 636 
75 | 142 | 207 | 273 | 389 | 405 | 471 90 | 65} 42 306 | 372 | 488} 504 | 570, 636 
76 | 148 | 208 | 274 | $40 | 406 | 472 50 | 66 | 43 307 | 873 | 439) 505 sales 
77 | 148 | 200 | 275 ( 341 | 407 (478 22 | G7 | 44 308 | 874 | 440| 506 572 | 698 
77 | 144] 200 | 275 | 841 | 407 | 478 88 | 68 | 44 308 $74 | 440} 506 | 572 ' 638 
78 | 145 | 210 | 276 | 842 | 408 | 4741 540606) 54 | 69 | 45 809 | 875 | 441 | 507 | 573 | 639 
79 | 145 | 211 | 277 | 848 | 409 | 475 20 | 70] 46 310 | $76 | 442 | 508 | 574, 640 
79 | 146] 211 | 277 | 348 | 409 | 475 86 | 71} 46 310 | 376 | 442 508 | 574 | 640 
80 | 147 | 212 | 278 | $44 | 410 | 476 | 542 52 47 811 | $77 | 443 | 509 | 575 | 641 
81 | 147 | 215 | 279 | $45 | 411 | 477 18 48 312 | $78 | 444! 510 | 576 | 642 
81 | 149 | 213 | 279 | 945 | 411 | 477 84 48 312 | 378 | 444| 510] 576 | 642 
82 | 149} 214 | 280 | $46 | 412 | 478 50 313 | 879 ) 445 | 511) 577 | 643 
83 | 149} 215 | 28] | 847 | 413 | 479 314 | 380 | 446 | 512 | 578 | 644 
83 | 150 | 215 | 281 | 847 | 413 | 479 314 , 380 | 446 | 512 | 578 | 644 
84 | 151 | 216 | 282 | $48 | 414 | 480 315 | $8) | 447 | 513 | 579! 645 
85 {151 | 217 | 283 | 849 | 415! 481 316 | 882 | 448] 5141 580 | 646 
85 | 153 | 217 | 288 | $49 | 415 | 481 316 , $82 |448/ 514, 580 646 
86 | 153 | 218 | 284 | $50 | 416 | 482 317 | 883 | 449 nl mles 
87 | 153 | 219 | 285 | 851 | 417 | 468 318 | 884 | 450| 516 ' 582 648 
7 | 154 | 219 | 285 | $51 | 417 | 488 S18 $84 |450| 516 582 648 
88 | 155 | 220 | 286 | $52 | 418 | 484 319 385 | 451/517 583 649 
89 | 155 | 221 | 287 | $53) 419 | 485 $30 | 306 452 aa 650 
89 | 156 | 221 | 287 | 858 | 419 | 485 320 886 452] 518 584/650 
90 | 157 | 222 | 288 | $54 | 420 | 486 321 387 (453 | 519 585, 651 
91 | 157 | 223 | 289 855! 421 | 487 322 388 | 454 | 520 586 | 652 
91 | 158 | 223} 289 855 | 421 | 487 | 55 322 888 } 454) 520 586 652 
92 | 159 | 224 | 290 , 856 , 422 | 488 = 455 ia tees 653 
98 | 159 | 295 | 292 | 357 | 428 | 489 324 890456 | 522 588 | 654 
98 | 160 | 225 | 201 | 357 | 428 | 489 524 890/456 | 522 588 et 
a4 (161 | 296 | 20 | 358 | 494 | 400 325 301 |457 | 528 580| 655 
9s |161 | 997 | 208 | 850 | 495 | 4o1 398 3921458 | 624 500 | 656 
95 | 162 | 227 | 298 | 859 | 495 | 401 396 302 |458 | 524 | 590 | 656 
06 | 168 204 492 327 | 89 
97 | 168 | 220 | 205 | 861 | 427 | 498 | 559 | 625 398 | 904 | 480 | 896| pos (Cos 
97 | 164 | 228 | 295 | 861 | 427 | 493 828 * 394 | 460 | 596 | 592 | 658 
98 | 165 | 280 | 206 | 363 | 498 | 494 | 560 | 26 809 305 | 461 | 527 | 503 (659 
99 | 165 | 281 | 287 | 863 | 429 | 495 | 561 | 627 830 | 886 462 | 528 ' 594 | 660 
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Aimospherical Refractions. 
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TABLE E. 
Atmospherical Refractions. 


s Refr. 
Refr | Inf | Diff | Dif App. ca cmoig en pa 


Altitude Te pO iat +B _ in Altitude. | qu. 50° [1/ Alt] +1B | —1° Fa 
M 

















DM 8 8 8. 8 D M ) 
12 0 4281 | ,88 | 9,00 | ,556 42 1 4,6 9130 
10 | 424,4 | ,87 | 8,86 548 48 1 2,4 2125 
20 | 420,8 | ,86 | 8,74] ,541 44 1 0,8 2120 
30 | 417,3 | ,85 | 8,63 | ,533 
40 | 4139 | ,88 | 8,51 | ,524 45 58,1 »117 
50 | 410,7 | ,82 {841 | ,517 48 56,1 9112 
ee ee 54,2 ,108 
a ae 48 52,38 7104 
130] 4 7,5 | ,81 18,80] , 49 50,5 »101 
10 | 4 44 | ,81 | 8,20] ,503 a ean 
90 | 4 1,4 | ,30 [18,10] ,496 
30 | 858,4 | ,30 18,00] ,490 50 48,8 ,097 
40 | 855,5 | ,2017,89 | ,482 Bl 47,1 3004 
50 | 3526 | ,29 17,79 | ,476 52 45,4 090 
58 43,8 ,088 
wae 42,2 085 
140 | 349,9 | ,2817,70] ,469 
10 | 347,1 | ,28 | 7,61 | ,464 55 40,8 ,082 
20 | 3444 | ,27) 7,52 | ,458 56 39,3 3079 
80 | 841,8 | ,26 | 7,43 | ,458 57 87,8 ,v76 
40 | 8389,2 | ,26 | 7,34] ,448 58 36,4 1078 
50 | 3386,7 | ,25] 7,26] ,444 59 35,0 3070 
15 0 | 384,83 | ,2£ 17.18 | ,489 60 93,6 067 
30 | 927,83 | ,22 | 6,95] ,424 61 32,3 3065 
16 0 | 820,6 | ,21 | 6,73 | ,411 62 31,0 3062 
30 | 8144 | ,2016,51 | ,899 63 29,7 ,060 
170 | 8 8,5 | ,19 | 6,31 | ,386 28,4 3057 
80 | 38 2,09 | ,18 | 6,12] ,874 
18 0 | 257,6 | ,17 | 5,98} ,362 65 27,2 055 
19 0 | 247,7 | ,16 | 5,61} 340 66 25,9 052 
ee! 67 24,7 3050 
Cae keene PEs 68 23,5 3047 
20 238,7 | ,15 | 5,81 | ,322 69 22,4 9045 
21 230,5 | ,13 | 5,04 | 305 
29 2232 | 121479) ,290 [> 
23 2165 | ,11 | 4,57 | ,276 70 21,2 9043 
24 210,1 | ,10 | 4,85 | ,264 71 19,9 3040 
72 18,8 ,038 
25 2 42 | ,09 14,16 | ,252 73 17, 3036 
26 158,8 | ,09 | 8,97 } ,241 74 16,6 3033 
27 158,8 | ,08 | 3,81 | ,280 
28 1491 | ,08 | 8,65; ,219 75 15,5 ,031 
29 144,7 | ,07} 3,50] , 76 14,4 9029 
airene een 77 13,4 027 
78 12,3 9025 
30 140,5 | ,07 | 8,86 | ,201 79 11,2 ,023 
81 186,6 | ,06 | 823 | ,198 
82 133,0 | ,06 | 3,11 | ,186 
83 129,5 | ,06 | 2,99 | ,179 80 10,2 021 
84 1261 | ,05 | 2,88 | ,178 81 9,2 ,018 
82 8,2 3016 
85 123,0 | ,05 | 2,78 | ,167 83 7,1 014 
36 120,0 | ,05 | 2,68 | ,161 84 6,1 3012 
37 117,1 } ,05 | 2,58 | 155 
38 1144 | ,05 | 2,49 | ,149 85 5,1 ,010 
89 111,8 | ,0£ (2,40 | ,144 86 4,1 ,008 
87 3,1 ,006 
88 2,0 004 
40 1 9,8 | ,04 | 2,82 | ,139 89 1,0 3002 
41 1 6,9 | ,04 | 2,24] 134 
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TABLE F. 
Parallaz of the Sun. 
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TABLE GQ. 
For Reversing Angles. 


of 1o,an/|12" 18 14715416" 17-18 19 20'|21 j22" 23, 94 |35 [96 |27°| 98 | 20 | 30 
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9 58 57 56.55, 54 53 52/51 50/40/48 47 46 45/44 43 42 41 40 39/38 97/36 85 34/33 /32/ 31 |90 
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TABLE 4H. 


Comparative Scale of Fahrenheit’s, Reaumer’s, and the Centigrade 
Thermometers. 


EqurvaLEnts TO FanREnuerr’s THERMOMETER. 
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liv APPENDIX. 
TABLE IL 


For converting Intervals of Sidereal Time into Equivalent 
Intervals of Mean Solar Time. 


Mucvrzs. 


a 
Equivalents se Equivalents |‘ 
im & in 
Mean ‘Time. et Mean Time. 


Minutes of 81- 
dereal Time 


8 8 
54 9214 30 9154 
54 7576 31 9126 
54 5937 82 9099 


54 4209 33 9072 
54 2661 34 9045 
54 1023 85 9017 


53 9384 36 8990 
53 7746 37 8963 
53 6108 88 8935 


58 4470 39 8908 
58 2831 40 8881 
58 1193 41 8853 


52 9355 42 8826 
52 7917 43 8799 
52 6278 44 8772 


52 4640 45 87-44 
52 3002 46 8717 
52 1963 47 8690 


51 9725 48 8662 
61 8087 49 8635 
51 6449 50 8608 


51 4810 51 8580 
51 3172 52 8553 
51 1534 53 8526 


50 9896 54 8499 
55 7405 50 8257 55 8471 
55 5767 56 0619 56 S4i4 


55 4129 50 4981 57 8417 
55 2400 50 3343 58 8389 
55 0852 50 1704 59 8362 


5 
59 8862 
59 6723 
59 5085 


59 3447 
59 1809 
59 0170 


58 8582 
58 6894 
58 5256 


58 $617 
58 1979 
58 0341 
57 8703 
57 7064 
57 5426 
57 8768 
57 2150 
57 0511 


56 8873 


hm 5s 

0 59 50 1704 
1 59 40 3409 
2 59 $0 5118 


8 59 20 6818 
4 59 10 8522 
5 59 10226 


6 58 51 1931 
7 58 41 3635 
8 58 81 5340 


9 58 21 7044 
10 58 11 8748 
li 88 2 0453 


13 {12 57 52°2157 
14 13 57 42 3862 
15 {14 57 82.5566 


16 18 57 22 7270 
17 '16 57 12 8975 
18 117 57 8 0679 
19 ig 56 53 2584 
20 {19 56 43 4088 56 7235 
21 |20 56 38 5792 56 5597 


22 [21 56 23 7497 56 3958 
23 [22 56 13 9201 56 2320 
24 |23 56 40006 56 0682 


55 9044 
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TABLE LI. 
For Converting Intervals of Sidereal Time into Equivalent 
Intervals of Mean Solar Time. 


Fractions or a SEconp. 


Seconds of 
Sidereal Time 


8 

0 66817 

0 01995 0 34904 0 67814 
0 02992 0 $8902 0 68812 


0 03989 0 36899 0 69809 
0 04986 0 37896 0 70806 
0 05084 0 38894 0 71808 


0 06981 0 3989] 0 72801 
0.07978 0 40888 0 73798 
0 08975 0 41885 0 74795 


0 09978 0 42883 0.75798 
0 10270 0 48880 0 76790 
0 11967 0 44877 0 77787 


0 12965 0 45874 0 78784 
0 13962 0 46873 0.79782 
0 14959 0 478969 0 80779 


0 15956 0 48866 0 81776 
0 16954 0 49864 0 82778 
0 17951 0 50861 0 83771 


0.18948 0 51858 0 4768 
0 19945 0 52855 0 85765 
0 20943 0 53853 0 86762 


0 21940 0 54850 0 87760 
0 22987 0 35847 0 88757 
0 28984 0 56844 0 89754 


0 24982 0 57842 0 90752 
0 25929 0.58889 0 91749 
0 26926 0 59886 0 92746 


0 27024 0 60833 0 93748 
0 28921 0 61881 0 94741 
0 29918 0 62828 0 95738 


0 30915 0 68825 0 96735 
0 81918 0 64823 0 97782 
0 82910 0.65820 0 98730 


| 


+ the Equivalent to the given Sidereal Tume. 
The Table gives the Equivalent 


wich, January 2, 1849, into Mean Tume. 
ah 
1 5 
20 


: 
3 
wD 
: 
3 
I 
@ 
SS 


ceding Sidereal Noon, viz 
Mean Intervals 


é 
we 
0 


Mean Time at the preceding Sidereal Noon 
Om. 
10 


Mean Time at the 
. 


—To convert 21h 10m 50858 Sidereal Time at Green 


For Sidereal 
Intervals. 


Ths Table «8 useful for the conversion o 


Mean Solar Time required 





V1 APPENDIX. 


TABLE J. 
For converting Intervals of Mean Solar Time into Equivalent 
Intervals of Sidereal Time. 


Minutes of 
Mean Time. 


8 8. 

1 0027 81 0849 
20055 82 0876 
8 0082 33 0904 


4 0110 84 0831 
5 0187 85 0958 
6 0164 36 0966 


7 0192 37 1013 
8 1 18 8518 8 0219 88 1040 
9 1 28 7083 9 0246 39 1068 


10 1 38 5647 10 0274 40 1095 
11 1 48°4212 11 0301 41 1123 
12 1 58°2777 12 0829 42 1150 


132 8 1842 18 0356 43 1177 
14 2 17 9906 14 0383 44 1205 
15 2 27 8471 15 0411 45 1232 


16 2 87 7036 160438 46 1259 
17 2 47 5600 z 17 0465 47°1287 
18 2 57 4165 18 0493 48 1314 


19 8 7 2780 19 0520 49 1342 
20 , 20 8 17 1295 20 0548 50 1369 
21 | 21 8 26 9859 21 0575 51 1396 


22 | 22 8 36 8424 22 0602 52 1424 
23 | 23 3 46 6989 23 0680 | 53 | 53 1451 
24 | 24 3 56°5554 24 0657 54 1479 


25 0685 55 1506 
26 0712 56 1533 
27 0739 §7 1561 


28 0767 58°1588 
29 0794 59 1615 
30 0821 60 1643 


10 9°8565 
2 0 197130 
3 0 29 5694 


4 0 39°4259 
5 0 49 2824 
6 0 59 1888 


71 89953 


oonvr Goh wt 
oo nr oar ews = 





yo 
Equivalents 

a8 m 

g Sidereal 

ae 

8 

001} 001008 
002; 002006 
003) 003008 
004; 004011 
0051 005014 
006}; 006016 
0°07 | 007019 
0°08 | 0 08022 
0°09} 009025 
010; 010027 
O11] 0110380 
012] 012083 
013] 0°13036 
014} 014038 
0154 01504) 
0°16 | 0 16044 
017 | 017047 
018] 018049 
019] 019052 
020) 0 200355 
0°21 | 0 21057 
022} 0 22060 
023} 0 28068 
024] 024066 
025} 025068 
026} 026071 
027} 027074 
028} 028077 
029] 029079 
030] 030062 
0°81 | 031085 
032] 0382088 
033} 038000 


Iniervale of Sidereal Time. 


043 


0 47 


0 50 
0 51 


0 52 
0 58 
0 54 


0 55 
0 56 
0 57 


0 58 
0 59 
0 60 


0 61 
0 62 
0 63 


0 64 
0°65 
0 66 


FRAoTrIons oF A SECOND. 


0 85096 
0 36099 


037101 
0°38104 
0 89107 


0 40110 
0 41112 
0°47115 


0 43118 
0°44120 
0 45138 


0 46126 
0 47129 
0 48151 


0 49194 
0 50137 
0 51140 


0 52142 
0 53145 
0 54148 


0°55151 
0 56158 
0 57156 


0 58159 
0 59162 
0 60164 


0 61167 
0 62170 
0 63178 


0 64175 
0 65178 
0°66181 
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TABLE J. 
For Converting Intervals of Mean Solar Time into Equivalent 





071 
072 


073 
074 
075 


076 
07 
078 


079 
0 80 
0°81 


0°62 
0 83 
0 84 


085 
0 86 
0 87 


0 88 
0 89 
0 90 


091 
0 92 
0 98 


0 94 
0 95 
0 96 
0°97 
0 98 
0 99 


8 
0 67188 
0 68186 
0 69189 


0°70192 
0 71194 
0 72197 


0 78200 
0 74208 
0 75205 


0 76208 
077211 
0 7.214 


0 79216 
0 80219 
0 $1222 


0 82225 
0 83227 
0 64230 


0°85288 
0 86235 
0 87238 


0 88241 
0 89244 
0 90246 


0 91249 
0 92252 
0 98255 


0 94257 
0 95260 
0 96268 


0°97266 
0 98268 
099271 


This Table 1s useful for the conversion of Mean Solar wnto Sidereal Tyme. 
Gidereal Time reguwred = Sidereal Time at the precedtng Mean Noon -+- the Equivalent to the given Mean Time. 
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-—To convert 2h 22m 50s 62 Mean Time at Greenwich, January 2, 1849, into Sidereal Time. 
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TABLE K. 


Shewing the correction to be applied to a Barometer with a 
Brass Scale, extending from the Oistern to the Top of 
the Mercurial Column, to reduce the Observation to 32° 
Fahrenheit. 


3 OxnsERvVED Herauts oF THE BAROMETER rN INCHES. 


281 | 28°2 | 283 | 284 | 265 





50° | 054 | 054 | O54 | 055 | -055 
51 *057 | 037 | °057 | °057 | °057 
52 °059 | 059 | 059 | -060 | 060 
58 062 | 062 | -062 | 062 | -062 
54 °064 | -064 | 065 | °065 | *065 
55 067 | 067 | 067 | °067 | -068 
56 "069 | 069 | °070 | 070 | °070 
57 072 | 072 j- 072 | °072 | 073 
58 O74 | °074 | 075 | °075 | 075 
59 077 | 077 | O77 | 077 | 078 
080 | 080 | 080 
61 °082 | °082 | -082 | ‘082 | 083 
62 084 | 084 | °085 | °085 | °085 
63 087 | °087 | ‘087 | 087 | -088 
64 “089 | 089 | ‘090 | 090 | 090 
65 °082 | 092 | 092 | 093 | °093 
66 094 | °004 | 095 | ‘005 | 095 
67 097 | °097 | 087 | 098 | 098 
68 °099 | 089 | 100 | 100 } °100 
*102 {| °102 | 102 | °103 | 103 
70 104 | 104 | 105 | °105 | °105 
71 "106 | 107 | 107 | 108 |} °108 
72 °109 | 109 | °110 | °110 | 111 
73 112 | 112 | °112 | 113 | °213 
74 “lad | 124 f °105 [115 | 16 
75 “116 | °217 | 117 $9118 | 118 
76 "119 | 119 | °120 | “120 | 121 
7 121 | 122 | 122 | °123 | 128 
78 “124 | 124 | °125 | °125 | 126 
79 "126 | 127 | 127 | °128 | 128 
80 "129 | °129 | °130 | 190 | 131 
81 131 | 182 | 132 | 133 | 133 
82 “134 | °134 | 185 | °185 | °136 
83 *136 | °137 | 137 | 138 | °138 
84 
85 
86 
8&7 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


s 
3 
] 
~ 
© 


*189 | -189 | 140 | 140 | ‘141 
“141 | °142 | 142 | °143 | 148 
*144 | °144 | 145 | °145 | °146 
"146 | *147 | 147 | °148 | °148 
"149 | °149 | 150 | °150 | °151 
°151 | °152 | 152 | °158 | °153 

154 | 154 [| °155 | °155 | 156 
"156 | 157 | 157 | 158 | °158 
"159 | 159 | °160 | -160 | °161 
*161 | 162 | °162 | °163 | 163 
*164 [| 164 | °165 | “165 | °166 

166 | 167 | °167 | °168 | °169 
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TABLE K. 


Shewing the correction to be applied to a Barometer with a 
Brass Scale, extending from the Cistern to the Top of the 
Mercurial Column, to reduce the Observation to 32° 
Fahrenheit. 


Oxssenven Hereuts oy THE BAROMETER IN INCHES. 
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EXPLANATION AND USE OF THE TABLES. 


Tasis A. 
For Correcting Gunter’s Chains of 100 Links. 

In the use of chains, they are found to stretch, and unless this quantity is most care- 
fully observed daily by comparison with a standard, all the measurements made will be 
erroneous, and én defect nm proportion as the cham is too long. This Table, therefore, 
gives the equivalent, in links, to d¢ added for every inch from one to eleven. 

Suppose a chain to have stretched four inches then for every ten chains measured, 
in the column of links opposite 10 and under the heading of 4 inches will be found 
6061, the number of links to be added to bring the chains to their proper standard length, 
and vice versa, for chains too short the same quantity will be deducted. 


Tasty B. 
For reducing Chains to the Decimal parts of a Mile. 

This Table is useful in the protraction of the co-ordinate distances for general maps 
on the Geographical scale. For plotting the latitude and departure points from the 
first station in the series, as given mn the main Circuit Traverse, the distances require to 
be divided by 80 for the convenience of scale. By the Table this 1s avoided, and the 
chance of error by frequent small divisions obviated Thus 

To obtain the value of 345 chains in miles and decimals, look for the even tens and 
hundreds (340) mn the top lines of the Table, and fur the odd chains (5) im the left hand 
column; at the intersection of these two columns will be found 4.3125, the number of 
miles sought 


Taste C 
Showing the length of a degree, mmute, and second of Latitude and Longitude, for every 
degree of the Quadrant, the compression of the earth beng assumed 5},. 

This Table (extracted from Boileau’s Traverse Tables) 1s calculated by the Formule 
xhu, page 116, of Mr. F. Baily’s Astronomical Tables and Formule, the compression 
of the earth at the poles bemg assumed y2,, and the mean degree of latitude taken at 
364547 feet. The first ten degrees of latitude and longitude, and afterwards every fifth 
degree, were computed by the Formule, the imtermediate degrees bemg filled in by 
interpolation, by differences carried out as far as such could be done The degrees of 
latitude are calculated for the latatudes of their middle pomta for instance, the degree 
in the Table on a lime with the number 27 im the first column, is that degree which 
extends from latitude 26° 30’ to latatude 27° 30’ and n hke manner of the rest. The 
degrees of longitude are computed for the parallels of latitude expressed by the numbers 
in the same line, in the column designated “ distance from the equator.” 

The use of this Table 1s to convert the Tabular traverses expressed in units of linear 
measure into their equivalent values of latitude and longitude w are i.e. in degrees, 
minutes, ete. for that part of the earth’s surface to which the traverses belong. Fora 
further description of the use of this Table see pages 336, 337, etc. 


Taste D. 
For converting Chams and Inks into Feet and Decimals of Fest. 

It frequently happens that measurements made in one denomination require to be 
converted into their equivalents of another denomination. for instance, route surveys 
are generally measured with instruments registering yards or feet, and circumstances 
may occur, and do frequently happen, where instruments cannot be readily procured, 
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which induce the necessity of making all measurements of every kind in one or other of 
the above denominations. [Land surveys are, however, generally made in Gunter’s 
measure, or n links the 1000th part of furlong; and this is the most convenient of all 
measures for determing the acreage of any extent of surface, but for geographical 
purposes, the standard unit being the English foot, those measurements are most con- 
venient which are made in this denomumation, the length of degrees of latitude and 
longitude bemg most frequently expressed in tables im feet also The arrangement of 
this table (taken from Bouleau’s Traverse Tables) requires no explanation. 

There being two significant figures in the number of chains, the first denoting tens, 
the second units, the equivalents must be taken out for each separately. Enter the 
column of chains corresponding to the significant figures in the first part of the table, 
where 1t 1s an exact decimal multiple of that number, or in the first or second part of the 
table, according as the number of links is more or less than 50. When the whole 
distance 1s less than 10 chains, the first part of the equivalent value 1s found in the 
same column under the number of chains, and in a line with the number of links in the 
column so designated, the last part of the equivalent 1s found in the column headed 
decimals of feet, of which there 1s one for each part of the table The decimal parts are 
taken out as whole numbers, removing the decimal pomtin the equivalent number as 
many places as it 1s removed in the original Given the length of a line mm a survey 
47 ch. 26 6 links, required its equivalent m feet and decimals. 

Ch. 


Lks Ft Dec. 
40 : 2640 
7 « 25 478 . ‘50 
6 *396 
47 256 . 93118 896 feet 
Taste E, 
Aimospherscal Refractions. 


This Table from the Nautical Almanac of 1826, 1s computed upon principles explained 
by Dr Young im the Philosophical Transactions for 1819, and it appears to agree more 
perfectly with the latest observations than any other table that has been published. The 
formula employed 1s 


pete oc. r rs 
= =o > + (247-4 So) =, + 3600 4, 4 3600 (1 235 4 -25 «2 
wor bemg the fraction, v the sine of the altitude, and # the cose. 


The apparent altitude being found in the first column, the second shows the refraction 
when the barometer stands at 30 inches, which 1s its mean height on the level of the sea, 
and the thermometer at 50° of Fahrenheit. The third column contains the difference to 
be subtracted or added for every minute of altitude, reckoned from the nearest number 
in the first column The fourth shows the number of seconds to be added for every 
inch that the height of the barometer exceeds 30, or to be subtracted for each inch that 
keer ve pap aac last contains the number of seconds to be subtracted for each 

6 at the thermometer stands a 50° 
esa bove 50°, or to be added for each degree that its 

If great accuracy be required, we must also deduct from the o i 
barometer 003 1. for each degree that the thermometer near it is peti hp ae 
equal quantity for an equal depression. In fact, however, the table as it now stands, is 
found to require the temperature to be estimated from the height of the thermometer 
within, and if we employed the height of the thermometer without, which would be 


more consistent with the theory, 1t would probably be to 
temperature of the table 48° only, instead of 60° EEO the Standard 
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EXxaMPuys, 
1, At 7°. 18’. 18" Bar. 29°87 Ther. 66°, the Refr. is 6’. 52°, 26, from 22 obs. of Bradley. 
2. At 19°, 18’. 19° Bar. 30045 Ther. 34°, the Refr. is 2’. 51°, 5, from 8 obs. of Bradley. 
3. At13°.48’. Bar. 20°85 Ther. 45°, the Refr. is 3’. 55’, 85, from 166 obs. of Mr. Pond 























1, Alt. 7°. 20’ R. 7. 8” Diff. Alt. “9 B. 14',3 Th. *,93 
+ 162 1 477=1. § —.18 —16 
7. 9,62 + 1,62 1,86 14,88 
16,74 1,86 
6 62,88 16,74 
6. 52,26 
Error .  .. ~=— 0,62 


2 <Alt.19° B.2'.47",7. Doff. Alt. "16 B.6’61 Th. “,84 
— 293 18. 19"= 183 + .045 + 16 


2, 44,77 — 2,93 252 6,44 
25 
5,44 
Error . 1’, 0 2, 50,46 
3. Alt. 13. 40’ B. 8’ 55,6 Daf, Alt. “29 B.789 Th “,482 














1. 36 3 165 6 

3. 55,85 87 2,05 

Error . ; 01 2,05 + ,36 
Taste F. 


Parallax of the Sun. 

This table contains the Parallax of the Sun at different degrees of altitude above the 
honzon and for different months of the year To find the Parallax for 44 degrees of 
altitude for the month of April, look in the column of altitude for 44°, and on a lne 
with it, and under the column containing the month will be found the parallax, viz. 
6” 33 always addstwe to the altitude (From Bagay’s Tables). 


TaBLz G, 
For reversing Angles. 

Errors will often occur in reversing the inward or outward angles of a circuit survey 
By this table the complement of the angle, or what it wants of 360°, can be obtained 
without the necessity of subtraction. The two upper lines of the table contam the 
minutes, as well as seconds, and the remaining columns the degrees from 0 to 179 m the 
left hand divisions, and from 180 to 369 in the mght hand divisions of the columns. 

To obtain the complement of an angle subtending 348° 14’ under 14 1n the line of 
minutes 1s 46, and in the left division on a line with 348 in the column of degrees 1s 11. 
The complement of the angle 1s therefore 11° 46’. 

It seldom happens that observations are taken to full degrees, but in cases where 
there are no minutes, 1¢ will be necessary to add 1° to the number taken from the table. 
Thus the complement of an angle subtending 115° will be 244° by the table, to which 
add 1° will give 246° the complement required. 
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Tans H. 

Comparative scale of Fahrenheit’s, Reaumur’s and the Centigrade Thermometers, 
(from Boileau’s Tables) for determining the altitude of mountains. 

Equivalents to Fahrenheit s Thermometer in Reaumur’s and the Centigrade Scales. 

The Temperatures of the Freezing and Boiling points by the several Thermometers, 
are as follows — 

By Fahrenheit’s scale, Freezing point 32°, Boiling point 212° 
»» Reaumur’s ditto ‘s 0 ” 80 
», Centigrade ditto ” 0 ” 100 

Let 2° denote any degree in Fahrenheit’s scale, its value in the other denominations 
will be expressed by the followmg Equations -— 

a Fahrenheit, = (2°—32) X ¢. Reaumur. 
* 5 = (2°—32)X 3. .. Centigrade. 
by which Formuls this Table has been computed. 

When the number given 1s a whole degree Faht. the Equivalent in Degrees of 
Reaumur and the Centigrade scale 1s found in the proper column, and in the same 
horizontal hne with the given degree Faht.; but when the given number contams the 
decimal of a degree, the Equivalent for the part must be found by proportion. 

Example —Required the degree of the Centigrade Thermometer corresponding to 
206°°3 Faht. 





206° Faht, . . = ava os = 96°67 Centigrade. 
3 , = 6 + ye =~ 16 ‘ 
206°3 Faht. = 96°83 Centigrade. 








The number ‘55 1s the difference between the equivalents in Centigrade degrees, to 
206° and 207° Faht. 

In taking out the differences from the columns of equivalents for fractions of degrees 
Faht. between 82° and 0° the mven degree Faht and the one next less must be 
employed, as the corresponding values of Reaumur’s and the Centigrade scales increase 
negatively below 32° Faht. 





Tastes I anp J 
For converting intervals of sidereal tume wnto equivalent mtervals of mean solar time, and 
owe versa 

The tables of time equivalents are useful for converting mean solar into sidereal time, 
and sidereal into mean time, agreeably to the example annexed to each table. They will 
serve, also, for tables of acceleration and retardation, by taking the difference between 
each argument and its equivalent. Thus in table J, the excess of the sidereal tame equi- 
valents above the arguments of mean time, show acceleration of sidereal or mean solar 
intervals; and in table I the defect of the mean time equivalents, as compared with the 
arguments of sidereal time, indicate the retardation of mean on sidereal intervals, 

These tables, with the above explanation, are given from the Nautical Almanac. 


ea 


Tass K. 
Showing the correction to be applied to a Barometer with a brass scale, extending from the 
eustors to the top of the mercurial column, to reduce the observation to 32° Fahrenheit. 
The observed height of a Barometer, taken at different temperatures before they can 
be compared with each other, will require reduction to one common temperature. The 
reduction conmats of two parts, one part being due to the dilation of the mercury, and 


the other to that of the brasa scale attached to the Barometer’ both these corrections 
are embodied in the following formula. 
(¢—32°) wm — (¢—62°) 6 
C= B.-—T 32) 
¢ = Sum of the two corrections. 
B = Observed height of the Barometer. 


= Observed temperature of the mercury and of the brass scale, which are assumed 


to be equal. 
m = ‘000100 expansion of mercury for 1° of Fahrenheit. 
& = -0000106 ditto of brass ditto ditto 


82° Standard temperature of mercury. 

62° Dhitto, ditto of brass. 

By the aid of this formula this table has been computed, which, as it is specially 
intended for the reduction of the Meteorological Observations taken m the Surveyor 
General’s Office and used for the Printed Monthly Register, 1s muted to the range of the 
atmospherical pressure and temperature which occur in Calcutta, the former extending 
from inches 28 1 to 30°4, and the latter from 50° to 100° Fahrenheit More general 
tables on the subject will be found in the Admralty Manual of Scientific Enquiry, page 
$19—the Corps Papers of the Royal Engineers—and Bouleau’s Tables, 1849 

The arrangement and use of this Table will be best understood from the following 
example 

Suppose 1t 1s required to compute the correction for Barometer 29 780 inches and 
Thermometer 83° 3. 





The Tabular number for 29 8 inches and 83° Fahrenheit ........ "145 
Alteration for 0°3 Fahrenheat, deduced by the common rule of proportaon. 001 
Required correction ... ......0 co eee see 6 ee we ees) 146 
Observed height of the Barometer .... ... .. ces oe one 20780 
Height reduced to 82° Fahrenheit .... .. eos oe ee eee §=629 634 


It will be remembered that the Tabular correction is always negatwe. 


Tastes L, M, anp N 
For converting acres into beegahs of 1600 square yards, and vice versa, also for converting 
the decsmal part of an acre or Bengal beegah into tts corresponding value of roods and 
poles, or cottahs and chittacks 
The explanation of these tables 1s given at the foot of each table, with examples 





Tas_z O 


Table of Square Measure 


This table will be found useful in the khusrah measurements, for checking the mult:- 
plications of the sides of fields to obtain the contents. The mode of using it, together 
with an example, 18 given at the head of the table. 


Tastes P anp RB. 
For converting acres into beegahs of 3,025 square yards, and vce verea. 
These tables are calculated in the same manner as tables L, M, and N, and are made 
use of in a similar manner 
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MEMORANDA USEFUL TO REVENUE SURVEYORS 
ConvercEency oF MERIDIANS 


To find-tn minutes the convergency of two mersdans wn any latitude, and at any distance 


apart m miles or chame. 
For departure in Miles For departure in Chains 
To the const log 99388 Totheconst.log . ..ee 80857 
Add log tan. lat...ceve ++ Add log tan. lat. 
And log departurem miles . And log. departure in chains 
The sum is log conv. -  «e The sum is log conv. . . 


When a main circuit 1s plotted, commencmg from a Thoka, whose co-ordmates are 
known, the approximate co-ordinates of any other point in the circuit may be found by 
scile to within a few chains of the truth, and much nearer than 18 indispensable for 
finding the convergency 

The annexed table shews the convergency on 100 miles, and on 1000 chaans of depar- 
ture for each degree of latitude mn the Punjab, or from 29° to 36°. 


Lat conte Miles “ovo Chains. Lat. cot 00 Elos “1000 Chains 
29° 48’ 143 6 ‘018 33° 56’ 404 7’ 050 
30 60 145 6 268 34 58 °584 7 323 
3l 52 187 6 523 35 60 824 603 
32 54 272 6 °784 36 63 103 


To find the constant Logarithms gwen above. 


Mean radius of the Earth in miles 3958 06&c. . log 8 5974822 
are equal to radius 3437°747 .. +» 9, 86362789 


1 Geographical Minute = 1:151655225 miles .. ,, 00612083 
1 Mile = 0 8685434 geogr. min const. , » 993887917 
= 80 Chains. : 1 9030900 


For chains const log 8 0367017 


‘ For Mean Ranpius or tue Earru 


Equatorial Radius in feet 20921665. .. log. 7320 6962 488 


7320 6962 438 
Polar Radius ” 20862394. ... log 7819 1659 229 





21960 38484 098 


Mean Radiusm feet . . . . log "7 820 1161 366 
1 Mile = 5280 feet ; vee oe 8722 6839 295 


Mean Radius in miles 3958 06&c, ... . log. 3697 4822 141 
(De Morgan, as in last page of Shotrede’s Loganthms) 
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Using Everest’s first sct, as given in Radhanath’s Table, we have— 
Equatorial Radius a == 20922981 80 feet,..Jog. 7320 6225 395 
7°820 6226 3965 











Polar Radius 5 = 2085837468 .... .log. 7°319 1763 443 

21:960 4214 233 

Mean Radius in feet ..........5. log. 7320 1404 744 

8722 6839 225 

Mean Radius in miles 3958°28 log. 38°697 6066 619 

Difference of elements 0°22 0000 0243 378 
9938 7917 


G. T. 8 Const. for miles. .. 9938 8160 


To find the true Meridian 

If we observe the pole-star at any part of 1ts course, and know also how much it is 
then to the east or west of the meridian, we have only to apply that quantity to the 
observed position. 

The azimuth motion of the pole-star, though always slow when compared with that 
of most other stars, varies considerably , for any place m India its azimuth, when on 
the meridian, varies by nearly one minute of space in two minutes of time, and when 
at its elongation it varies less than 1’ in half an hour hence, when the azmuth 1s 
observed near the elongation, 1t is of no great importance to know the time very 
exactly. 

In the Revenue Survey an error of 1’ in azimuth is of little importance, and there- 
fore if we can find any simple means of making sure that the pole-star is within half 
an hour of its elongation, we may get an observation sufficiently correct for the purpose 
of the survey. 

The two brightest stars m the heavens are Sinus and Canopus Sinus 1s easily 
recognised by 1ts lustre, and by its being to the left of the easly known constellation of 
Onon. Canopus 1s the bright star nearly south of Sirius, and about 36° distant. 


When these two stars have the same azimuth { Liat } (which 18 eamly known 


by the eye or by a plummet, or by a vertical staff, &c ) the pole-star 18 within half an 
hour of 1ts western elongation, and for at least three quarters of an hour its azimuth 
will not vary so much as 1’ (one minute of space) 

The eastern elongation may also be known readily enough, though the mark is not 
quite so good. 

The bnght star Vega comes to the meridian about half an hour before the elongation, 
and the less bight star Attair (nearly midway between two smaller ones) comes to the 
meridian about forty minutes after the elongation. 

Hence the eastern elongation may be observed at any time after Vega has passed the 
mernan and before Attar has reached it. 

In the Panjab, Vega passes the meridian a few degrees to the north of the zenith, and 
Attair at from about 20° to 25° to the south. 

Throughout the greater part of the year one elongation occurs during the night, and 
the other during the day. It 1s only for a few days that both clongations can be 
observed on the same day. 

The eastern elongation occurs during tho night throughout the greater part of the 
recess, or from April 7 tall October 11, when observations are not much wanted 
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Throughout the greater part of the field season, or from October 11 till April 7, the 
western elongation is available, and for the purposes of the survey 1t is the only one of 
much importance. 


DIRRCTIONS FOR OBSERVING AN Azmurs. 


When the Theodohte has been set up at a station and levelled, it should be carefully 
adjusted immediately before the observations. 

The referrmg mark and the star should then be observed alternately twice over, 
beginning and ending with the referring mark then turn the instrument half round in 
azimuth, reverse the vertical arc, and observe again as before, mark-star-star-mark. 

At each observation all the vermiers should be read and noted. 

The time by watch 1s to be noted at each observation of Polaris, and if a watch be 
not used, an alt. of a star for time must be observed in the middle of each set. Thuis 
altitude should be true to within 10’, which will give the time true to less than a 
minute ‘ 

By observing in this way, the result 1s freed from errors of collimation and of hon- 
zontal axis, 

When properly observed, the means of the pairs of readings should differ very ttle, 
and if this be not the case 1t would be well to take another set 

From the mean of the readings of the referrmg mark subtract the mean of the 


readings of the star, and when {Venu} the star's elongation; the result 1s the 


true azimuth of the referrmg mark 

Then according as the place of observation 1s to the east or west of the origin, 
subtract or add the convergency, found as above, and the result is the workmg azimuth 
referred to the meridian of the omgin. 


To find for any Latitude the greatest Elongation of a Star. 


In the adjacent figure 71s the zemth, P the pole, and S the 
star, 


Rule Example. 
To the log sec lat Lat 82°20 — sec.0 07317 
Addlog sm pol dst . P.S. 1°29 om.8 41807 


‘Lhe sum 1s log. sin elong .. P. Z 8S. 1°.45’.20’ sin 8 48624 


In the Punjaub the elongation varies by about half a 
minute for a degree of latitude, and every year the polar dis- 
tance dimmushes by nearly } of a minute, and the elongation 
by about 3 of a minute 

The method aboye explamed, though probably the one least hkely to muscarry in 
the hands of a novice, has the inconvemence of roqumng the observer to be out 
of bed in the middle of the mght during the cold season This may be avoided, and 
the observations may be taken im the evening, when convenient, if by means of a 


watch, or an altitude of some proper star, we can find how far the pole-star is past the 
meridian at the time of observation. 
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To find the Asimuth of the Pole-star wm a given Latitude, knowing its hour, angle, and 
polar distance, 

In the adjacent figure, Z bemg the zenith, Pthe pole, S the z 
star, and H O the horizon, H P is the latitude, P § the polar 
distance, and Z P § the hour angle. 

Having reduced the polar distance to minutes and hun- 
dredths, with P S as a distance, and P ZS as a bearing, find 
as in a common traverse, the co-ordimates P m Sm. Tho 
altitude of the star O S= H m= H P+ P m, according as 
S is above or below P, then log. P S -+- log sm. Z P § +- 
log. sec. AT m = log. Azimuth * 

The time may be found by an altitude between 10° and 30° 
of some well-known star, whose declination 1s under 30°, or f 
a watch be used its error may be found by an altitude of the 
sum 

An error of 1 minute in time, or 15’ on Z P S will never 
make 30° error in the azimuth. 

The following observations were made at Zaferwal, lat 32° 
20’ N. lon. 75° E. = 5b, on the 9th of April, 1862 — 


hm 5s 


; 6. 01. 53) lower hmb (3° 48) R. 
The Sun’ 8 alt. Was observed at {. 04, 25 upper limb 3. sa} L. 


Time by Watch -- 6.03. 09 Sun’salt 3 51. 30 
And afterwards, Polans and a referring mark, thus — 











- : GENERAL 
FACE, OBJECT, AND TIME READINGS MEAN. MEANS. 
, B 
Referring Mark . . | 206 324, 293' 812 206. 31 10 206 30. 35 


W 1141.40 .... 272. 46 | 45 | 48 , 272 46. 20 272. 46 60 


| 
1144 00 secs 272. 47 | 46 ' 49 ' 272, 47, 20! 203, 43. 465 





Referring Mark . ... | 208. 81 ' 28 , 31 206, 30, 00 11h, 42° 60 
Mark .... .. ' 96 2741 30' 81. 26 29.30 26 29. 40 
E.1167 60. ..... . sess. | 92 684! 65 62, 92, 63. 30 92. 64 20 
1202 20..... | 92, 65 | 56 | 543, 92. 65.10 293. 35 20 
Mark . 26.27 31 | 314, 26. 29. 50 12h. 00° 05° 
A t 
Time. Azkmuth. " 


bh. m. 8 
ll. 42 60 298. 43. 456 F. W. 
12. 00 06 293. 36.20 F.E 











Mean of Polaris observations 11. 61, 275 293, 39. 325 

Sun’s alt. observed at....-. .. 6. 03. 09 

Interval in mean time — ~.« « & 48. 186 be 

Acceleration in interval at 9°857 per hour .. 67°34 hla pec i a 
Daeecn observations 





Interval in sidereal time ....... .-. . §& 49. 16 84 | Prte and aan 


» This method, though not quite rigorous, is quite sufficient for the purpose. 
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Caleutation for Time, and for Polaris Hour Angle. 


608: 09 @App. Alt. 8 51. 80 


Refr. oc oo 12. 80 


OTs. Alt... 8, 89 
Alt... .. 8220 Seo... 0°07817 


te ; This is the 
Dec. 7° 45°N. QN.P.D. 87.15 — Coseo. 0-00509 This is th 
Sum. . 118, 14 sun or star. 
h m. 
Watch ... 6,03, 09 38um.... 69.07 Cos, .. 971036 


Mean time 6.08 49 3Sum. Alt. 55. 28 Sin. ... 9 91582 


App Time 6, 02, 19 8. vers. 9 70384 _) 


Watch slow on Sib 
meee ee ratte, at 180 9 85167 8, m. 45° 17° 23’ 
Mean time 6, 03. 49 90. 34. 46 
Lon. E... 6. 6. 02. 19 
Greenwich meantime ... . -» 1,08 49 
(NATIT) © RatGr.M Noon . ..... . seee 1.18, 01. 68 
Increase in 1, 03, 49 ar as us 9. 75 
© RB at tume of Observation » oe 1,18, 11 48 
© Hour angle W. ee e ® e ee +6.02, 19. 
Meridian R at time ot Observation .. .. . 7.16. 80. 48 
Sidereal interval between observations .. 5.49, 16. 84 
Sidereal time of Observation, Polaris oo «. 13,04. 46, 27 
Poleri.Te: * cicssesadiecce 2 “ees s . 1.04, 49. 65 


Polaris Hour Angle oe aw ew we) 21,69, 56, 62 





Polaris was thus only 3” 38 from the lower transit; its azimuth was 1"538 W. This 
taken from 293° 39’ 32’ 5 gives 293° 39’ 31” as the ¢rue azimuth of the referring mark, 
from which, deducting 184 for convergency, there remains 298° 21’ as the working 


azunuth 


The Hour Angle of Polars 1s got more readily when, for each face, time 1s found by 
a star altitude taken between the observations of Polans thus, m the case of Sinus W. 


bh 02’ 19”, the work would be— 


Sinus R. 
H. Angle Sinus . 


Mer R.. 
Polans R. ... 


Polaris Hour Angle . 


6. 38, 37 
6 02, 19th 


11 40. 656 


04. 50 


10. 36. 06= 
" "1 169° 


01’, 30° 
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MEMORANDUM ON THE MUSEUM OF ECONOMIC GEOLOGY OF INDIA 


The objects of the Museum of Economic Geology of India, which has been established 
by Government at Calcutta, under orders from the Honourable the Court of Directors, in 
conjunction with the Asiatic Society and at its rooms, are the followmg —They are, as 
scientific men will perceive, generally those of Economic Geologists in all countries, but 
there are some peculiarities connected with India and the situations of Europeans in it, 
which will oblige us to go into a little detail, to explam to those who may not already 
take an interest mm these matters, our wants, our wishes, and our hopes of the advantages 
which may accrue to the community from this new establishment. Its objects, then, 
are bnefly these— 

1.—To obtain the most complete Geological, Mineralogical, and Statistical knowledge 
possible of all the mineral resources of India, wrought or unwrought, so 2s to make them 
as publicly known as possible, to show how they have been or are now wrought, or how 
they might be so to the best advantage. 

2.—To obtain a complete set of specimens, models and drawings, relative to the 
Mining operations, Metallurgical processes, and Mineral manufactures, of all kinds of 
India, and of Europe and America, so as to afford to the public information of everything 
which can be turned to account here or in Europe, and perhaps prevent loss of time, 
waste of capital, and disappointment to the Indian speculator. 

3 —To furnish the Engmmeer and Architect with a complete collection of all the mate- 
rials natural or artificial, which are now, or have formerly been used for buildings, 
cements, roads, &c., and all of which may possibly be used in this department, whether 
European or Indian. 

4.—To collect for the Agriculturist specimens of all kinds of souls remarkable for their 
good or bad qualities, with the subsoil, subjacent rocks, &c., and by examination of these 
to indicate their various pecuharities, and the remedies for their defects 

5 —To collect for Medical men the waters of mineral springs, and mineral drugs, &c. 

6 —And finally, by chemical exammations of all these various specimens, to determine 
their value, and how they may be best turned to account for the general benefit of the 
community. 

With objects like these, the Museum ot Economic Geology may be said to be placed 
between the purely scientafic geologist and the merchant, the miner, the farmer, the 
manufacturer, and the builder, or mn other words, the merely practical men, who may 
desire to know how the knowledge of the geologist and mineralogist—to them often so 
recondite, and apparently so useleas—can forward their views, and its office to be, if pos- 
sible, to answer all questions of this nature which may anise for public benefit, 

This may sometimes be done from books, but the great library must be the collections 
of our Museum, which are in fact a brary of examples, to which the commentary 1s the 
laboratory, where, aided by the resources of the collection, questions may often be solved 
m an hour, a day, or a week, which it would take half an Indian hfe to obtam the 
mere materials for investigating An extensive collection, then, 1s the first requisite, 
and this should, 1f possible, comprise every inorganic product of the earth from which 
mankind derive any advantage, with every information relative to it. It will readily 
occur to the reader, that m India, owing to her infancy in some of the arts dependent on 
these products, as in mining, agriculture, & , and her singular progress in others, as in 
peculiar branches of metallurgy and the hke, our almost absolute ignorance of what her 
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methods and resources are, the peculiarities of situation in which these resources may 
exist, those of chmate, workmen, and many others, we have almost everything yet to 
learn; and that to accomplish our objects, we cannot be too well furnished with all the 
knowledge and examples of Europe and the Americas, and all those of India or of Asia. 
Without these our progress must be very limited, but m proportion as we obtam them, 
we may hope, without presumption, to see the day when the mines, the quarries, and 
the soil of India, may be done justice to, which assuredly has never yet been the case * 
In this, all classes are so clearly interested, that it would be superfluous to show 1t, as it 
isto show that the resources of every country are far more readily developed with public 
means for investigating, preserving, and publshing all knowledge belongmg to them, 
than where none such exist. 

It is therefore hoped, that those who may be desirous of assisting this great public 
work will bear in mmd that nothing, however familiar 1t may be to those on the spot, 18 
ind:fferent to us, for if not wanted for the mstitutin, tt may serve to procure that which 
ss; and the following note is given rather as a general memorandum, than as specifying 
all which is desired. The general rule 1s, that details cannot be too numerous, nor 
specimens too various, particularly if purely Indian. 


DESIDERATA FOR THE MUSEUM OF ECONOMIC GEOLOGY OF INDIA 
I —Mines anp Mowe Propvcrts 


1 —Specumens of all crude ores, just as found If posmble, also of the rocks or matrix 
mm which found; of those mmdicating the vem at the surface; of the walls of the veins, 
of the strata of beds passed through before reaching them, and of the rocks of the sur- 
rounding country 

2.—The ores after preparation for the furnace, by picking, washmg, stamping, 
roasting, &c. 

3 —The rejected ores, gravel or stones found with those used, which often go under 
odd names, as those of “ mother,” “devil,” or the lke. 

4.—The fluxes used, if any. 

5 —Memorandum of the kind of fuel used, samples of it if coal or coke, &c., names of 
the trees, as bamboo, &c, 1f charcoal, and if not too far, send specimens. 

6.—The roasted or half-smelted ore. 

7 —The pure metals, as obtained in a merchantable state, of all the qualities, 

8.—The slags, of all kinds, from the furnaces and smeltings 

9 —Drawings or models (to scale 1f possible) of all furnaces, machimery, and mmple- 
ments used mn any of the processes, with drawings, plans, and models of the mune. 
Earthen models of the furnaces, &c. may often be well made by the native umage 
makers, for a mere trifle. 

10.—Specimens of any tools used 





* It 18 curious to find that upwards of 140 years the ores of the precious metals were an artic] 
of export from the Dutch East Indies This 1s clearly shown by the passage from Sclhutter’s 
work, as translated by Hellot, and published by him under the title of * Heliot 
1758 Invol 11, p 285, chap xlvi “ On Kast Indsan Ores, and thar Fuston by the Curved Furnace,’ 


he says — 

“*In 1704, Schlutter recerved by a private channel twenty-five quintals of ore from the East Indies, 

&" Andagam ‘These sorts of ores (of gold and al from. were fre- 

uently smelted at the foun - of Alten the U wT herte, ood wires bee al ry 
er Harts. This ore was in lumps from the mse of a nut to that of waln tnals 

found that the quintal of 110 Ibs contained 1 oa. 8 drs, of gold, and 3} 0 of sliver.” = en 
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11.—Traditions, history, and statistics of the mine or mineral products’ as (1.) How 
and when found; (2.) Produce, gross and net; (8 ) Rent, if farmed, or what tax payable 
on the product; (4.) Price of daily labour; (5.) Amount of labour obtainable for a given 
price; (6.) Estimated profits, past and present; (7.) Reasons for decay or increase; (8 ) 
What is now required to make the mine more productive, (9 ) Copies or notices of any 
books or accounts of the mine; (10.) Health, comfort, morals, and condition of the work- 
men employed, average of ages, and if life among them is thought unhealthy; seasons 
and hours of work. Superstitious notions, peculiar diseases, &c. &c. 

If.—Bumpres, Cemunts, Porrery, Conouns, Roana, & | 

1.—Specumens from the quarnes, of all kinds of building stones, useful or merely 
ornamental 

2.—The same of limestones, shells, corals, or other articles used to make lime or 
cements of all kinds. 

3.—Specimens of the strata above and below the quarried stone. 

4.—Any fossil shells, bones, fish, plants, insects, or other appearances of organic 
remains, large or small, found in or near the quarries, or amongst the rubbish and water- 
courses of quarried spots If specimens appear too large to move, please to give a notice 
with an eye-sketch and estimate of the expense of moving, and preserve 1t till a reply 
is sent. 

5.—Specumens of the building stones or remarkable bricks used n any public edifices, 
monuments or tombs, with the daf of their erection, 1f known, and a note to say if 
expoged to weather, or protected by stucco, paint, or roofs 

6.—Memoranda and specimens of any plants or animals destructive to masonry, as 
boring worms and shells in water, and the like, with specimens of their work. 

7 —Ornamental or stucco work, specimens of it, new or old, tenor or exterior, with 
the best account procurable of the matenals, preparations, and working of them. 

8.—Specamens of stones and marbles, shells, &c used for mage or ornament-making , 
of earths for pottery, and varnishes of coloured earths of all sorts, whether used as pig- 
ments or not. 

9 —Specimens of peculiarly good materials used for roads, whether ancient or modern, 
with prices, methods of using them, and other memoranda. 

10.—Pnices of all the above, rates of labour, carnage, &c from the rough to the 
wrought state, and all other statastical details, as in the case of Mmes and Mineral 
products above-mentioned. 

III.—AcricutrvraL Gzoxoey. 

1.—Specimens of soils of good and the best qualities, for all kinds of produce, as sugar, 
cotton, tobacco, &c. 

2 —Of infertile soils or veins of earth 

3.—Of the subsoil or rock. 

4.—Of the atones scattered about these soils. 

5 —Memoranda relative to the height of these soils above the water of wells in the 
rains and dry seasons, and of :te drainage, shelter, exposition, &c, 

6.—Of any kind of earths, mud, or stones used as manures, as peats from the jheels, 
kunkurs, &c. 

7.—Of the deposita (fertile and infertile) left either by the common inundations or by 
violent floods, with memoranda of their effects on the cultivated soil. 

8 —Specimens from any separate spots where gravel or stones are collected in quantities 
after inundations or floods. : 

9 —Accounts of remarkable floods, and average heights of tho rise of rivers, of the 
raising of the soil, alterations in its produce consequent thereupon, and all other details 
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10.—Memoranda relative to the formation or destruction of river-banks, islands, &c. 
with measurement, if obtainable. 

11.—Samples of all kinds of efflorescent salt-earths, with specimens of the different 
salts prepared from them, prices of preparation, selling rates, and accounts of the pro- 
cesses and uses of the salts. 

12.—Specimens of brine-springs, with details of manufacture if boiled for salt, and 
statustics of labour and produce, &c. as in the case of mines. 


TV.—Meprcat GEoLoay. 


1.—Specimens of mineral medicines of all sorta, whether produced on the spot, or im- 
ported, crude and prepared, with notes and samples of the process of preparation in all 


2.—Of the water of mineral springs, their temperature, incrustations about them, 
account of their uses, and specimens of the rocks or soil n which found. 


V —Natrvs Meraritourercan Processses, on Minera Manvracrures. 


1 —Exact descriptions of them, however rude or simple they may appear, with sam- 
ples of the ores, fuel, fluxes, products, slags, &c 

2.—Models or drawings (to scale if possible) of the furnaces and implements of all 
kinds, specimens of these last may be sent 

3 —Memoranda and samples of the earths or sands used for moulds in castings, of the 
crucibles and beds, raw and baked, and of the raw material from which made 

4.—Prices of raw and wrought matenals 

5 —Drawings of machmmery used for turning, boring, polishing, &c 

In conclusion 1t 18 not supposed that any mdividual, unless wholly devoted to the 
research, can supply the whole of the desired specimens, or even of the knowledge 
relative to any one product, but any s:mgle item of the foregommg may be of importance, 
at some time, fo some one, and it will be the special duty of the Asiatic Society, and of 
the Curator of the Museum, to see justice done to every contribution, whether relating 
to the Geology of India m general, or to this pecular branch of 1t. 


(Signed) H Pmpreron, 
Curator, Museum Econome Geology 
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MEMORANDUM 
oF 
TEST FOR EXAMINATION OF CANDIDATES 
FOR THE 


* GREAT TRIGONOMETRICAL AND REVENUE SURVEY 
DEPARTMENTS. 


1. To write a neat legible hand. 

2. A thorough knowledge of Anthmetic, but more especially of Involution, Square 
and Cubic Roots, Anthmetical and Geometrical Progression, Proportion or Rule of 
Three, Vulgar and Decimal Fractions, and Logarithmic Calculations. 

8. Geometry—Firat Four Books &f Euchd 

4. Algebra—as far as Quadratics inclusive 

5 Elements of Plane Trigonometry 

6. Spherical Trigonometry. 

7. A kmowledge of Plan Drawing, or at least a proof of some degree of taste m 
Drawing and Printing, so as to warrant the expectation that he may turn out a good 
Draftsman 


8, A healthy and vigorous constitution, and good eye-sight for observing. 


Form of Agreement to be taken from a Candsdate pror to his admission into the Survey 
Department. 

I, A B, do hereby agree that I will not demand my discharge for three years from 
the date of jommg the Survey to which I am appomted, and never during the Field 
Season I further agree to serve in any one of the Revenue Surveys to which 1t may 
be necessary to remove me 

If, agamnst the tenor of this agreement my discharge should at any tame be sisted 
on, I do hereby agree to repay to the Government a sum equal to one-half of the whole 
amount which I may have actually received in the shape of salary or allowance of any 
kind 


E F. 
C. p} Witnesses. 
Place and date. Signature. 


Norz.—This test is applicable to both Departments, with the excoption of Spherical 
Trigonometry, which 1s not required from the Revenue Survey Candidates. 
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LATITUDES AND LONGITUDES of the Principal places in 
BENGAL and NORTH-WESTERN PROVINCES. E2- 


tracted from the Records of the G. I. Survey of India. 


Latitude ae 
North. 


So , 4 


Names of Places. 


ee | 


ALLYGUEH 


AZIMGURH ‘ts 


BHAUGULPOOR {5 


BUNDLECUND . (ee 


Agra Taj Mahal Dome . 
Fattehps 

Ferozabad Station . ‘ 
Pinaht Station . 


Sikundra S.E. Minaret of Gateway 


Centre of City 


ial Temp : 
Badra Syud's Tomb ; 
ce ee 
Kantua ( mlding R. B. Ganges) 


Fort 


Sak bye on Building ; , ; 


Hatras Station on Fort . 
Koel M 
Sankias Fort Station . 
Sasni Fort. ‘ : 


Azimgurh Church . 
99 Temple e 
ro. m 
Same P 7 


Temple 


Delpahart ahasd Ht Temple 


Rogol, highest bal 
hest building i in fort 
nagar Temple. .. 
Regn Btation - ‘ : 
Semra Fort, N. W. Tower 


See Fort, highest building, 


mae Palace . 
Balasore Spire ‘ 


ing. 
Ramsagur Telegraph . 
Bancoorah Telegraph 
Bishenpoor Dome 
Bistapoor Pagoda . 
Kanakera, 8.E. 2 of Fort 


Peprendi Station, Fort 8. E. face 
centre of Dome -| 


Aligunj Building . 
Berailly Buhadoor Bing’ Hone 
Thana 


Sisguri Tower a Ua 


x Sikra Dome . F 


mein (ity. . - 


27 10 26 
27 5 35 
27 8 34 
26 52 36 
27 12 59 


26 27 10 


25 26 0 
25 25 8 
25 27 16 
25 26 18 
25 46 30 


27 55 41 
28 6 19 
27 35 31 
27 62 42 
28 2 25 
27 42 12 


26 38 2 
26 3 56 
25 47 1 
26 0 28 


25 6 49 
25 11 53 


24 54 46 
24 44 17 
24 63 40 
24 0 21 
2414 1 


24 16 28 


27 13 10 
21 30 6 


23 25 31 
23 7 0 
23 14 8 
23 4 21 
23 36 36 


25 51 20 
25 $7 39 
28 20 20 
28 22 9 


28 12 17 
28 43 33 


74 43 68 
81 55 15 
81 55 29 
81 57 12 
81 56 44 

23 48 


83 15 57 


86 36 16 
86 41 48 


79 46 32 
79 33 34 
79 57 9 
79 28 26 
79 22 14 


79 9 46 


77 32 12 
86 58 11 


87 24 46 
8719 0 
87 6 31 
87 22 11 
87 29 42 


80 27 59 
80 26 46 


79 17 41 


79 21 17 
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Bajidpoor Tele , 
haree 
be e s 
jiaen Fort Bag <i ue! NG 
Saga elegraph . 
Storghat ort, N. W. Z ° 


Benares Dome of Gianbapi Musjid . 
dil, or Hindu 


>» Man Mun 


Observ ee 
Ramnagur Sica ; 









BENARES ‘ 








faacidebead Chimney 





BEERBHOOM . { 

























23 54 23 
23 50 23 


Afguigurh Fort. . . . 29 23 51 

BUNOUR. Bijnour Collector’s House .' 29 22 36 
Chand: Hill Temple . 29 55 55 

Decleadeaht Building Station . =e “3 ig 

git ia Kamona Fort. . . . .| 28 746 
°° ||Malagorh Fort. . .  . 28 27 51 
Ramghat House : 28 5 38 

7 1 Chepkiguch: Unter Spire 23 15 35 
HOPAL. . r Fort Gatews 23 4 51 
Islamnuggur ere : v 23 21 23 

ie es le , 27 50 33 

mEDADON {Soro House J. || 27 88 30 
(Raa ~ « © | 2328 1 

emple . ‘ . . 23 13 17 

Burpwan Gunjua Tower . . ._ .| 22 58 30 
psa 23 9 56 

CAWKPOOR . r Christ Church 4 = : 
ae Bagh or Commissioner’ House 20 27 35 

eigeteet ) ‘Barabati Fort Flag Staff Staff . .! 20 28 54 
Dehra or Gurudvare Temple 30 18 58 

pani or Kalinger Fort . 30 20 27 

Denna Doan . | Bajpar Dak Bungalow : 30 23 50 
Village Temple . . .| 30 22 19 

Dehli Jumma Musjid Dome 28 38 58 

Dem. « { Xootub Minar” .| 28 31 23 
DINAJEPOOR - | Dinajepoor, Mr. Grant’s House. | 25 36 34 
DHoLroor Munia Villare high ra gion 26 41 1 
Tanrores a . 26 49 16 
~ « «| 2648 2 









78 43 3 
78 10 32 
78 13 20 


77 5&4 13 
77 35 33 
78 914 
77 62 17 
78 25 46 


17 25 56 
78 6 29 
TT 27 35 


18 44 58 
78 47 20 


87 39 23 
88 24 33 
87 36 2 
87 47 4 


80 23 45 
80 24 12 


85 53 51 
85 54 15 
7 4 27 
78 8 26 
78 8 26 
77 45 51 


77 16 30 
717 18 39 
88 40 12 


77 54 38 
77 57 46 
77 53 165 












ErTawaH. 


FURRUCKABAD 


FUOTTEHPOOR 


GHAZEEPOOR . 


GooRGAON 


GORUCKPOOR . 


7 
! 
| 
“| 


Names of Places. 


Bareh Fort 
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Etawah Old Fort . 
Sabad Fort Bastion . 
Usrari Fort Building 


Yani Fort . 


Agosi Fort . 

GPibra Mao Thane . 
Kudrel Fort Building ‘ 
Nuwabgunj Thana .. 


Amoher Fort . 
Jankat Fort 


Jahanabad 


Musapur Tower 


Ghazeepoor Church . 
Lord Cornwallis’ Monument — 
New Burial Ground 


Opium Agent's House Signal Staff 


Roman Catholic Chapel 


pe 
Old Fort, Sir Narain Roy’ s House 


iad go tems Z 
Hodul Building ; 
Goruckpoor Pajghat Tem 


Mahamadpur 


Nandaor 


Rajabari . 


Mosque near 


ine 


Bheelsa Temple . . 
Gwahor Hill Temple. 


‘h Fort. 


K Observato: 
Narwar Hill Fort . 7 


Seronj Mo 
Satalgarh Hill 


ue in Fort : 
Fort, Dome 


Badek Pillar on Jumna, R. 
eee : 
Pal, Village House . 


Chinsurah Colle 
Fort Gloucester 
Nibria Tower 


Pondua Dargah Spire ‘ 
Serampore Chureh ; 


- | Natsal Village 


poor Fort . 
cs le . 
Kotra Temple . 


Maheva highest Building | 


Parasan Temple . 


Highest Chinney | 


“ 


26 29 59 
26 45 31 
26 51 37 
26 33 39 
26 27 36 


26 56 40 
27 8 53 
26 54 13 
27 26 6 
27 1 43 
26 51 25 


26 6 2 
25 46 33 


25 33 36 
25 33 30 
25 33 «6 
25 34 25 
25 33 43 
25 34 48 


27 47 8 
27 53 24 


26 44 8 
26 44 27 
26 46 27 
26 56 37 


"| 96 54 1 


23 31 35 
26 13 10 
24 50 3 
24 712 
25 39 2 
24 6 23 
26 14 26 


26 22 19 
26 7 49 
26 14 45 


22 53 24 
22 29 27 
22 35 37 
23 4 28 
22 45 26 


2212 4 


26 24 18 
26 8 32 
25 48 25 
26 7 28 
25 56 15 
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79 17 24 
79 3 18 
19 34 24 
79 37 12 
79 23 10 


79 43 5 
79 32 

79 21 47 
19 26 45 
719 44 54 
19 54 5 


80 24 18 
80 40 47 


83 35 13 
83 35 19 
83 34 32 
83 37 9 
83 35 20 
83 38 4 


76 59 41 
17 24 35 


83 23 44 
83 23 37 
83 9 16 
83 6 57 
83 18 2 


77 50 39 
78 12 28 
77 55 43 
77 41 46 
77 56 57 
17 43 37 
77 26 58 


79 31 50 
79 47 22 
79 38 48 


88 26 34 
88 12 58 
88 17 10 
88 19 43 
88 23 10 


88 5 21 


79 15 23 
79 22 42 
79 21 ~6 
79 39 60 
79 43 52 
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District or Names of Places. Latitude | Longitude 
Division. North. East. 

Badshapur Flag on Tree 25 39 41 | 82 14 17 

Jounpoor Church, N. W. Spire . 25 43 48 | 82 44 7 

Fort S. W. Bastion . 25 44 53 | 82 43 49 

» dail N. W. Bastion . 25 44 23 | 82 43 56 

»  MusjidN.Spire of Gateway, 25 45 31 | 82 43 38 

Almorah Commissioner’s House . 29 35 10 | 79 41 16 

Aring Building Station . 2729 3| 77 3% 11 

Awa Chimne . 27 27 2] 78 31 47 

Daigaon Building 2 27 49 61 | 77 24 57 

Dig Temple .. 27 28 42 | 77 22 3 

Muthra City Building . .| 27 30 13 | 77 43 45 

Noh Tower... 27 50 49 | 77 41 13 

Baseda Fort Bastion . 29 33 15 | 77 58 38 

Gohdna Tower Hill Station 29 37 13 | 77 56 30 

Kaliana Observatory . 29 30 49 | 77 41 33 

Hapur Station on ules 28 43 20 | 77 49 33 

Meeruth Church Steeple 29 041/77 45 3 

Pirghy 1 Building . . | 28 40 30 | 77 15 19 

Ralawe Byragi’s Mut . .| 29 13 46 | 77 42 12 

Sirdhana Begum’s Palace . 29 9 6 77 39 26 

Sirdhana Church Steeple 29 8 47 | 77 39 32 

Gop Tower. 22 25 13 | 87 19 25 

Midnapoor Park House. . 22 24 48 | 87 21 12 

Midnapoor Nazargun) House 22 24 17 | 87 21 18 

oe le ‘ ° ‘ 24 44 22 | 88 23 28 

24 59 56 | 88 18 49 

Chunar Fort Flag Staff. 25 7 30/8255 1 

MrpzaPoork .< | Mirzapoor Cantonment . 25 10 55 | 82 38 15 

Mirzapoor Court House or Kacheri | 25 9 19 | 82 37 23 

{|esh Bendiaben ares ag 24 6 7 | 88 17 33 
MOoRSHEDABAD acto 

petding ing Bouth of Cangas tory, | 24 21 16 | 88 23 53 

A rFort . . .| 28 65 43 | 78 45 57 

Monapanan . {| (Soar highest Turret 29 12 49 | 78 59 46 

. | Jurgaon oe 25 27 26 | 86 43 38 

Kasmaro Fort... 27 6 32; 79 19 41 

Laigas Fort Bastion 26 58 30 | 79 21 62 

Saman Fort 27 1 24 | 79 13 58 

j Fort Bastion 27 0 9} 79 22 13 

Saonasi Fort .  . 27 3 43] 79 20 11 

Sakit Temple ee | te 27 26 7 | 76 49 16 

sage E. Jao Tree . 23 23 31 | 88 30 58 

a0 88 30 5 

hace 23 25 11 | 88 26 54 

Banta 3 Black temple . 23 14 24 | 88 29 6 

23 7 59 | 88 29 11 
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LATITUDES AND LONGITUDES.—(Continued.) 





Latitude itude 
Pee 


District or Names of Places 
Division North 
Lucknow Pipi: ahd MiydecoM -| 26 51 8 
8 Mau- 
m on aaa _f | 26 61 27 
» Mote Mahal Palace. . | 26 51 22 
OUDE » Observatory pao ) 26 61 10 
lescope . 
Gumsira Musjid . 25 43 43 
Sora Temple in Village 26 17 31 
Kurnal Church Steeple. . 29 42 17 
PANEEPUT Kurnal City Bunnie House 29 40 45 
Dinapoor Flag Staff . . .j 25 38 20 
PATNA . Dumri Fort§8.E./. . . 23 34 57 
PatnaGola . . . . 25 37 12 
PACHEET, Chas B 23 38 10 
JUNGLE Mz. Khatras connie ‘ 23 48 51 
HALS . Raganathpoor Telegraph 23 31 31 
Kalianpoor Station on mound close 

PILLIBHEET . West of Villa . ee 
Tanra Thanah Flag ai % 29 417 
pee Tower - | 26 13 20 
Veranguny ove - « of 26 16 58 
PURNEEA Ramgunj, Base East Tower 26 18 59 
Ramnagar Tower . -' 26 212 
Sonakhoda, Base West Tower : 26 15 25 
Karehaka Indigo Factory 24 22 11 
RANKHAHER { Rampoor Baulah Judge's Kucherry 24 21 46 
Palgunj Temple . 24 4 48 
RAMGHUR Parasnath Highest Temple 23 57 50 
Ramgurh Fort _. 23 38 22 
Serampoor Building . 24 717 
SOAHJEHAN- Julalabad Fort  . 27 43 20 
POOR . { Khera Bajera Mound 28 1 35 
Smmia Simla Charch -| 31 6 18 
: { Simla Magnetic Observatory 31 6 6 
era Building . 29 39 58 
har centre Dome 29 36 2 
rdwar Haj's Hou . 2 ti - 

Kutu ave 9 
SUHARUNPOOR Katnarh y . 99 35 45 
Nojhili Tower "Station 29 53 22 
Sikar Temple 29 45 37 
Sirsawa Building 30 0 53 


i] e 9” 


80 57 59 
80 69 19 
80 58 57 
80 58 57 


81 26 1 
8115 0 


77 1 46 
77 1 «56 


85 5 09 
84 21 36 
85 10 57 


86 12 32 
86 40 32 
86 42 32 


79 47 1 
79 28 15 


87 34 32 
86 56 47 
88 19 56 
87 4 3 
88 14 30 


88 30 36 
88 37 45 


86 15 34 
86 10 17 
85 34 5 
86 22 46 


79 41 53 
79 35 11 


77 12 49 
711 1 


77 18 14 
77 29 (7 
78 12 52 
Ti 28 58 
77 31 9 
Ti 42 52 
77 58 1 
77 26 20 
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District or 
Division. 


SHAHABAD -{ 


SAUGOR AND 
NERBADA 
TERRITORIES 


SaRuN . 


TIRHOOT 


24 PURGUN- 
NAHS . 


Names of Places. 





Bamani Telegraph. . . =. 
Siding a ee 


Rotasgurh Bui 
Baitul Fort, 8. E. angle — 
Husingabad Fort . . . 
Me Temple ... 
J Hill Station ‘ 


Jubbulpoor Magistrate’s House i 


Kherla Hill Fort, N. E. 2 
Morpani Hill Station . . 
Nowgong (Bundelas States) 
Saugor Magazine in the Fo: 
Sera Fort, S.E./ . é 
Baila Temple . - is 
Bettia Rajah’s House. 


Mooteharry Collector’s Kutchery . 


Mullye Burial Ground 
Narkatia Indigo Factory 
Ramnagar Rajah’s House . 
Rutwul Town . - é 
Segowli Temple. .  . 


Boolakipoor Tower P ‘ 
Ghosoath Tower ‘ ‘ 
Mirzapoor Tower . «se 
Narhar Tower . ‘ ‘ 
Potatoorf Tajpoor Tower 
Paladpoor Station ‘ 
Akra Semaphore . ‘ : 
Base Line N. Tower . 

Ditto 8S. Tower ‘ 
Bood Semaphore 


Strect ‘ - 
Dum Dum Monument . 4 


Diamond Harbour Semaphore . 


Flag Staff, Fort William 
Government House Dome . 
Hooghly Semaphore. 
Moyapoor Semaphore. 
Shampoor Semaphore . 
Anarkullee . . . 
Adinan Tower... 
Am Cantonments . 


Attock, H. 8. East of Fort. — 


Budi Pind Cantonment . 
Bahad 


Chamba Fort . 


urgarh Fort Mosque. 


B Cantonment Flag. : 
Belaspore House in Bazaar. ; 
Bao Fort " ‘ a é 


Calcutta Observatory, No. 35, Park } 


Latitude 
North. 


24 56 40 
24 37 38 


21 51 13 
22 45 43 
22 45 42 
21 49 39 
23 9 39 
21 55 42 
22 29 40 
25 3 30 
23 50 9 
21 48 35 


27 9 9 
26 48 8 
26 39 46 
26 45 27 
26 39 50 
27 9 58 
27 +O 58 
26 46 41 


26 40 54 
26 17 23 
26 31 3 
26 31 47 
26 22 39 
26 4 20 


22 30 26 
22 42 35 
22 36 59 
22 22 31 
22 33 (1 
22 37 53 
22 11 11 
22 33 35 
22 34 2 
22 12 39 
22 26 15 
22 29 23 


31 34 6 
32 8 6 
30 21 25 
33 53 2 
31 40 44 
30 21 51 
32 12 23 
30 18 18 
$2 43 37 
31 13 33 


Longitude 
East. 


a 
84 7 50 
83 59 17 


77 68 15 
1145 6 
717 45 30 
78 0 58 
79 59 48 
77 59 33 
77 56 12 
79 31 O 
78 46 51 
77 56 9 


84 21 24 
84 32 39 
84 57 29 
85 29 12 
85 26 25 
84 22 2 
8414 1 
84 47 51 


85 28 57 
85 19 27 
8619 3 
86 8 36 
85 28 46 
85 29 39 


88 17 36 
88 25 4 
88 25 22 
88 9 4 


88 23 59 


88 24 36 
88 13 47 
88 22 43 
88 23 59 
88 3 41 
88 10 52 
88 14 24 


74 20 69 
15 30 47 
76 52 14 
72 18 34 
75 43 26 
76 30 42 
76 21 44 
77 20 46 
74 565 21 
76 46 14 
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District or Names of Places. Latitude | Longitude 
Division. North, East. 
Dugshae Cantonments ._ .- $0 53 5/77 5 38 
Dharamsala H.S. . ; 32 15 42 | 76 22 46 
Filaor Fort Gateway 81 0 41 | 75 49 57 
Gharsuankur .. $1 12 58 | 7611 2 
Gunachacr Town . 81 8 45 | 76 1 33 
Goolabghar Fort 83 10 33 | 74 32 8 
Harepur Fort. . 80 46 35 | 77 34 47 
Hushi City. 81 32 13 | 75 57 17 
Joge Tela $2 51 34 | 73 28 51 
Jamoo Northern Temple $2 44 31 | 74 54 48 
Jhelum . $2 565 3/7345 6 
Kalka Dawk Bungalow 30 50 21 | 76 58 57 
Kangra Fort . 32 514) 76 17 46 
Kupoorthulla Palace . 31 23 0 | 75 25 11 
Kaurtarpur Temple , 31 26 39 | 75 32 28 
Kasaoli : 30 53 13 | 77 0 62 
Futtehgarh Town . $31 314/75 9 48 
Hajepur Fort . .  . 31 58 30 | 75 47 22 
en, ur ditto 31 48 21 | 76 31 36 
Hariki Ghat Squnes Building 31 9 35 | 74 59 25 
Lvodhianah Fort . 30 55 25 | 75 53 34 
Mian Mir (Lahore) . 31 32 56 | 74 24 8 
PUNJAUB okerian 31 56 53 | 75 38 52 
* —") | Mandi Great Temple . 31 42 42 | 76 58 40 
Mangal Dey Fort... 33 5 49 | 74 20 9 
Nadaon Black Temple 31 47 1 | 76 22 56 
Nurpur nods Staff. . . $82 18 11 | 75 55 27 
N h F 31 2 23 | 76 45 52 
Nao ore HM. NE. of Village 34 3 1/72 1 48 
Puthankote : 32 16 39 | 75 41 48 
Patiala Palace . 30 19 26 | 76 26 40 
Pinjaor Temple. . 30 47 50 | 76 57 32 
Peshawur Fort . 34 4 44) 71 36 44 
Rahon Sq Square Building 31 2 59) 76 9 28 
Ruper Fort . 30 58 19 | 76 33 57 
Rhotas Fort . . i 32 57 48 | 73 36 56 
ara Fort dc a $2 13 38 | 76 15 17 
Sujan a : 31 50 18 | 76 338 7 
u Temple : 30 58 27 | 77 1 55 
Sichind M , 30 39 27 | 76 24 57 
Suket Mias a . 31 32 16 | 76 56 23 
Sree Gobindpoor ° 31 41 14 | 75 31 16 
Sultanpur Staff 31 57 50 | 77 915 
Soleghur Stair . 32 54 49 | 74 40 50 
Sialkote White Sewalla 32 29 28 | 74 35 12 
Tehara Town .  . 30 566 1/| 75 26 48 
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LATITUDES AND LONGITUDES of the Principal places in 
the MADRAS PRESIDENCY, Eatracted from the Records of 


the Great Trigonometrical Survey of India. 


Ankola Musjid, _— nase ial 


Honoor B 


Koonda 
Mine mg er 


L Sedahoventter Drose Ieg Stat. 


Arcot Fort, Nabob’s peepee 
Arnee Monument. 
Calastree Hill Pagoda . 


Chillumbrum P 
Chutes Monn 


Pullicate Ch 


Trinomally 


P 


Vellore Fort P 
ae lea 


Bellary 


Chennumpi 


7 Drag Badouh 


Cuddapah Fort M ; 
Cambum Fort, N. E. Angle 


Durmahverum, or saa 


Fort Building . 
Goorumcondah uilding 


Gooty Droog 
Anantapoor 


Cavalier 


Flag S 


Kurnool Fort Leul Battery 


Na 


uguldinn Fort, 8. W. Z 
Poolavaindla Pagoda . 


Poremaumla Fort, 8. W. Z 
alace , 


t Fiag Staff — 


"} 


Hun Fort, 8. W. 2 
ee ee 


14 39 43 
14 16 36 
13 38 18 
14 29 16 
14 50 45 


12 54 16 
12 40 23 
13 45 19 
11 24 9 
12 42 1 
12 27 59 
11 43 24 
12 15 19 
13 4 11 
13 1 33 
11 55 57 
11 29 25 
13 25 8 
12 13 56 
12 55 7 
11 31 4 


15 8 57 
15 18 12 
14 28 49 
15 34 15 


14 24 35 


13 46 20 
15 6 53 
14 40 58 


15 13 57 


15 49 58 
15 55 0 
14 24 69 
15 0 45 
13 21 39 
14 3 44 
14 27 56 
14 33 47 
15 1 44 


78 31 33 
78 15 27 
v1 56 39 
78 4 44 
78 26 20 


74 20 68 
7429 4 
14 43 48 
14 27 33 
74 10 21 


a9 22 31 
79 19 31 
19 44 34 
19 44 «7 
80 113 
79 23 30 
79 49 6 
79 26 8 
80 17 21 
80 17 21 
79 52 33 
79 48 13 
80 21 24 
19 6 48 
79 10 42 
79 21 39 


76 57 10 
77 38 11 
78 51 47 
79 9 1 


17 45 50 


78 37 49 
77 41 382 
77 39 «0 


78 21 28 


78 5 29 
77 36 14 
78 15 6 
79 1 64 
78 36 33 
78 47 30 
79 0 40 
77 63 50 
77 25 34 
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LATITUDES AND LONGITUDES.—(Continued.) 





District or Names of Places. 
Division. 

Chitwa B We . ‘ P 
coomm. «(EE 


Darapooram i 
Erode Fort, 8. E. Cavalier 


aah A ey ee ee 
{ Pyney Hill Pagoda . .§- 
Core . «| Veer Rajenderpett Hill Tree . 
GanJaM Ganjam Two Storied House 


Anjadeepa Flag Staff . . 
Ca de Baits Tower or Cape 


Pr ceeones ea 
eee a eee 
Rachol College, front of the Church. 
Condiniky Fort gone eos 
Gunteor i : ee 


osque . . . - 
U ‘ 
| n Fort §. W. Angle . 


CoIMBETOOR . 


Goa : 


¢ 
GuNTOOR 


ill P: é Se 
Ambla Fort : . 
Arambi Fort, 8. E. Angle. ; 
Arjunooz Hill Pagoda yj. . 
Arri Hill Pa 


Badgaon Fort,S.E. Angle . . 
Balapur Fort,S8.W.Z,. .  . 
Balki Palace. A : : 
Batumbra Palace . 

Bhavan: Hill P ‘ ‘ 
Bider Base East End . ; r 
Bider Base West End ; 


HYDRABAD, OB 
THE NIZAM’S 
DoMINIONS . 


agoda . ‘ 
Chini Mahigaon Temple ; : 
Damargida Observa . : 
Dherasin Hill Pagoda . . ti, 
” white Tomb : 
Dhoki Eedgah ‘ 


Latitude 
North. 


10 32 6 
958 7 


12 8 38 
10 59 41 
10 44 35 
11 20 29 
10 57 42 
10 26 23 


12 12 34 
19 22 27 


. |°14 45 36 


15 6 12 


15 24 33 
15 18 34 


16 41 22 
16 37 59 
16 17 42 
16 3 13 
16 46 37 
16 34 55 


20 56 37 
20 10 14 
20 910 
18 29 33 
18 20 8 
21 3 14 
18 17 6 
18 13 23 
20 14 43 
18 53 13 
18 2 34 
18 410 
19 30 24 
17 53 32 
17 57 33 
18 27 45 
17 54 49 
17 54 48 
17 53 18 
18 24 30 
18 3 16 
18 10 32 
18 10 16 
18 22 23 
20 6 6 
18 16 54 
18 25 42 
17 58 38 


itude 
ist 


76 4 28 
7617 0 


77 47 14 
76 59 46 
717 34 28 
77 46 3 
78 716 
717 33 42 


75 61 6 
85 2 62 
14 9 8 
73 67 27 


73 49 56 
74 2 31 


80 10 58 
80 34 17 
80 29 0 
79 46 15 
80 19 41 
80 24 2 


77 40 42 
77 50 18 
77 52 32 
74 42 3 
76 61 49 
717 41 #17 
76 40 10 
76 33 41 
77 59 10 
77 54 14 


17 42 31 
76 2 52 
76 4 54 
76 8 25 
77 45 29 
77 22 28 
76 11 46 
17 19 62 
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Names of Places. Latitude 


North. 


8 , a” 8 ’ 4 


Longitude 
East. 


Hyderabad Mecca Musjid . 
Resi 


Kutuphul Hill Pagoda . 


Maliabet 
Mamda 


il Pagoda. 


Tomb 


Manba Buildi 


17 21 41 
17 28 6 
17 23 14 
17 21 57 
18 59 38 
18 31 24 


78 29 45 
78 30 32 
78 30 33 
78 32 16 
17 58 54 
76 53 29 
77 46 11 
75 412 
76 37 18 
Ti 3 365 
76 59 53 
77 40 26 


HH YDRABAD, 
THE NIZAM’s 
DowINIONS 


78 17 49 
77 21 28 
75 31 10 
77 40 19 


Meduk Drug Mosq 
Mudhal White Pagoda . 


M Hill Pagoda si««w 
Nin Fort N. , 


MAHRATTA 


MasvLipaTaM ./| Masulipatam Flag Staff 


MYSORE . 


_ 


m. 4 


ie 
- 


Rahir Pa 
Sangwi 


Pagoda 
Sekunderubed Cenotaph 
Church 


Toramba P oda. 
Torna Pagots : 
Tuljapur Durga ‘ 


Udghir M 
Daghir Mug 


2 


Dindigal Flag § 

Madura, N. E Par ‘ 

Ramagherry Hill alace . 
dy Building 


Ooncticuttze Fort, 8 E, Angle. 
Singtatoor Fort,S.E.Z 
Soondoor Fort, 8. W. Z 


Streemun 


Watunhully Roun Tower 


An 
B 


Ba: r Saw Mill 


Calicut F 


P 


cay alr lc 


ort Cavalier 
Staff 


Cannanore Flag Staff 
Mangalore Flag Staff 


Paulghatche 
Soobramanee Old P 


Tellicherry Flag S ; 


Ban 


Palace 


Belloor Fort Pagoda 
ee 


Chittle Droog Flag Staff 


Fort,8.W.Z. 


10 21 39 
9 55 16 
10 38 13 


15 21 6 
15 8 6 
15 3 27 
15 5 42 
1s 6 53 
14 52 40 


10 58 32 
12 23 33 
1110 3 
1115 9 
11 51 12 
12 51 40 
10 45 49 
12 39 47 
11 44 53 


16 9 8 


12 37 37 
12 59 1 
12 & 12 
1418 8 


77 42 41 
76 56 47 
78 31 28 
78 31 44 
76 29 43 
77 18 21 
76 5 33 
76 6 20 
77 8 4 
17 43 55 


78 017 
78 9 44 
78 9 47 
76 81 59 
75 410 
75 55 48 
76 35 41 
715 39 6 
7514 9 


4616 2 
75 429 
15 80 44 
75 48 48 
75 24 44 
14 52 36 
76 41 48 
75 43 41 
75 31 38 
81 11 38 
77 36 56 
76 46 20 
16 26 565 
76 26 15 
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LATITUDES AND LONGITUDES.—(Continned.) 


B 
Kowiee Droog Munta; 
Mailcottah Hull P 


138 016 
14 2 47 
13 32 4 
138 43 9 


. 112 40 35 
.| 12 18 24 


13 49 12 


.| 18 22 17 


14 6 28 


-|.13 44 43 


Adtenki, 8S. E. corner of | 
ruined Fort a ae 
Nellore Pagoda , 

Oodagherry Droo Station 
Pelloor Fort, N. W. Angle . 
Povdella Pagoda. ti“ 
Venkettygherry Pagoda 


Ramisseram Sand Hill Pagoda . 
Ramnad Fort, Palace Tower . 


Namceul Droog, Fakeer’s Flag 

Salem (Perria) Fort, 8. W. 2 

Sankerry Droog Station . 

Womooloor ik a a as 
valier ‘ 


agore Flag Staff . . . 
Negapatam Staff . 
Tanjore Great Pagoda 
Tranquebar Tower 


Palamcottah Flag Staff . 


peal sets Degee 


TONDIMAN . | Tirmium Hill Fort Tree 


Oodagherry Flag Staff 

Quien Ficy § 

Trivanderam Great Pagoda 
ray Rock — om) 


nvivelary Rock Pagoda . 


12 26 33 
13 10 12 


15 48 42 


14 28 1 
14 51 56 
16 27 27 
15 36 34 
13 57 12 


918 7 
9 22 16 


11 13 24 
11 39 10 
11 28 52 


11 44 10 


10 49 26 


-| 10 45 37 
; 10 47 0 


11 1 37 


8 43 32 
8 43 47 
8 48 3 


10 14 54 
8 14 37 


8 53 28 
8 29 3 


10 49 45 
10 57 26 


tt 


76 8 8 
76 18 36 
75 21 51 
75 9 30 
76 41 38 
76 41 48 
75 4 81 
17 43 38 
1719 8 
76 57 16 
76 43 8 
77:15 51 


80 0 52 


80 1 40 
79 19 5 
80 5 29 
79 39 36 
79 37 19 


79 20 56 
18 52 9 


78 12 26 
78 11 47 
(7 53 58 


18 4 49 


79 53 24 
19 53 28 
79 10 24 
79 63 44 


77 46 43 
77 43 49 
78 1 27 


78 47 37 


77 22 49 
76 36 59 
76 59 9 


78 44 21 
78 42 83 
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LATITUDES AND LONGITUDES of the principal places in 
the BOMBAY PRESIDENCY, Extracted from the Records of 


the Great Trigonometrical Survey of India. 


Names of Places. 


ed 


Alsanda Hill Pagoda 
Chanda Hill P 
Kalsubai ditto 
Kothul ditto ditto . 
Lary ditto ditto 


Wande Wandew ill Pagods . 


Buycher’s Island Tower. 
Bhowra Fort Mugjid 


Phonda Ghaut 8. Peak . |. 


Salwa Hull Fort W. end 


Talia conical Peak . 22. 2. 


Walwan Mound 


Karnala Peak highest Point . 
Malangar Peak ‘ ‘ 


Shiw Fort Flag Staff! . 3. 


Uran Hill Pagoda. tit 


a 
war . 
Dhonda Pagoda. st 
a h Rock 


pee ee 

Tabogins 

Ni ighej Hill P 

Parvati Hill N. Pagoda 

Patas Hill Pagoda ; 

Poona Observatory .. 
St. Mary’s Church. 
Chinchwar Pagoda , 
odalelbaer goes rae 

ursangi Pagoda 

Bapdew Ghat ditto 
Singarh Fort . 


ingana s 
Raj S Haeen k ; 
Tikena Fart 
Torna Fort Hill Station 


Latitude 
North. 


° ’ a 


18 29 15 
18 38 49 
19 86 0 
18 46 36 
19 20 52 
18 26 5 
18 46 27 


18 53 45 
18 53 40 
18 55 50 
18 68 6 
18 57 31 


16 32 37 
1615 3 
16 27 24 
16 28 28 
16 25 6 


18 52 49 
19 6 29 
19 2 43 
18 54 1 


17 57 53 
18 26 5 
18 27 57 
18 31 34 
18 43 36 
18 37 6 
18 44 35 
18 29 47 
18 25 55 
18 30 41 
18 30 23 
18 37 19 
18 31 18 
18 28 23 
18 24 26 
18 21 52 
18 16 33 


15 29 29 
15 29 26 
15 29 32 
15 35 23 


1815 7 
18 14 40 
18 37 50 


.| 18 16 26 


Longitude 
East, 


° 0 a 


75 314 
74 57 32 
7345 2 
74 45 57 
714 30 39 
74 87 47 
74 48 33 


72 51 14 
72 51 10 
72 52 30 
72 52 28 
712 56 41 


73 51 27 
73 57 40 
73 45 46 
73 65 31 
73 54 22 


73 9 35 
73:13 7 
72 54 32 
72 57 59 


74 59 32 
74 16 58 
74 37 43 
13 24 41 
74 14 38 
73 57 45 
73 51 56 
73 53 19 
74 82 25 
73 55 21 
73 55 38 
73 48 32 
73 44 40 
74 1 9 
73 56 55 
78 47 46 
14 0 45 


73 48 56 
73 48 57 
78 48 24 
74:21:17 


73 $2 38 
73 48 26 
73 33 15 
13 39 47 
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LATITUDES AND LONGITUDES.—(Continued.) 








District or Names of Places. Latitude itude 
Division. North. as 
nee Soe é 4 3 f _ 58 | 78 39 19 
Pont SACHIN. ” ° az ; “ 5 67173 39 7 
hee yeaa pede Bs. 18 89 30 | 73 30 19 
ur Hill Pagoda . 17 24 11 | 73 12 41 
Bala Pir ‘ ‘. ; -| 17 34 48 | 73 17 51 
Chambardrug Peak . 17 68 17 | 73 18 19 
Fort Victoria : ; - 17 68 19} 738 5 1 
Makrangarh W. Fort Bush . 17 50 56 | 73 38 20 
» _ KE. Fort Centre. .| 17 50 53 | 73 38 47 
RATNAGHIRI Mumbri Hill. ts : . 16 21 27 | 73 24 44 
CoLLECTORATE } | Rari Fort N. Bastion . -| 15 45 7 | 73 42 25 
Ratnaghiri Fort _. 16 59 42 | 73 18 48 
Shomw har Hill Fort 17 48 26 | 78 33 11 
Sirgaon aghast Point : ‘ 17 57 27 | 78 28 31 
Sideshwar Fort Highest PointE.end| 16 7 57 | 73 55 15 
Vingorla Signal =. 32 w Sw «15 51 14 | 783 39 24 
Waloli Centre Rock ‘ 15 59 24 | 73 38 26 
Scrnp14’s TER- { Moreshwar P é ‘ 18 26 35 | 74 46 5 
RIToRY. . || Pergaon P > «+ +» «| 18 80 38 | 74 44 56 
Kumbaghat Peak ‘ ; ; 18 22 11 | 73 27 38 
Mahadeo Hill Pagoda . ‘ 17 61 7 | 74 41 29 
SarraRa StaTe< | PaliHill . . . . «. 117851817346 4 
tee tres Hill Fort Tree . -| 17 56 6 | 73 37 10 
=i Conan _ . ° 17 45 41 | 74 56 62 
Suwonrwanan ead of =g ‘ oe vel 15 5112 | 74 0 23 
Mangaon S. Peak . : : 15 56 47 | 73 50 9 
Kalam Peak North A ‘ .| 18 22 31 | 75 48 20 
» » South. . * 3 18 22 28 | 75 48 16 
Karki Hill Pagoda ; : .| 17 45 61 | 76 +4 30 
SHOLAPUR CoL- } | Kem ditto ditto : P 18 11 9 | 75 18 60 
LECTORATE . ) | Karmala P ‘ ‘ 18 24 13 , 15 4 
Mhaisgaon Hill Pagoda . ‘ 18 6 85 | 75 31 O 
Wai P . ‘ ‘ .| 18 3 42 | 75 50 45 
W: Tomb . P é : 17 52 9 | 75 54 35 
Raigarh Palace S. end of Fort .| 18 13 69 , 78 29 8 
Tanna Cor- " Ne Pica eb cheiesa el : 18 14 8 | 73 29 20 
LECORATE . ir Sidney Beckwith’s Monument 
Mahblechwur Hills. | 17 65 25 | 73 42 7 
oem 
6 bing a ven i le are derived from mdependent Astronomical 
Punne Station Latitude 8 9 38 Longitude 77 39 42 
Beene ditto » is ‘3 ie » 3 2 BL 
Kalianpur ditto " 9 7 12 T 7 41 45 
Kahana ditto » . 29 80 49 sg 77 41 33 
eSeeictiy hand a anes eit Pee a tes areas 
fundamental element used in the Computations ef the Great Trigonometrical Survey 1s as : 
Longitade of the Maceee Oneerret ey | Pa eT [poet Oerreons Warren’s 
East of Greenwich 80 17 31 Observations. 
In the Tables of Latitudes and tudes of the Great Survey Stations, 
the Li phed Revenue Survey Maps, the Longitudes used are called “ . 
becuse they are Great Trigonometrical Survey values diminished by 0° 8/ 25/’, This correction has 
(80° 1g? ase See dinted be the Dosed of Adunivalt papa arp premio rope atl 
= ut in thetheregrang Teviee recorded elements, 
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APPROXIMATE LATITUDES AND LONGITUDES of Piaces not actually feed by 
Trigonometrioal Survey, but derived from the best and latest Geographical 


Latitude itude 
North, a ary 


20 8 0 
33 53 34 
23 13 10 
25 14 50 
22 35 40 


P ; Z -| 32 55 10 
Jullondhor : é r . ‘ 31 19 30 
Kohat ‘ -| 33 32 30 
riba Phyoo (New Town) a 4 i 8 19 25 10 
: | Beg 
Mock ° e ° é ‘ 5 ° P 4 
am - ‘ 24 44 50 
Nekodar( ullundhar Doon) ee oe Me 31 7 0 
Neem i é é 2 . | 24 27 30 
Nesoolly Gu sae tat) A “ , ‘ a a 
Now; Nomgong un: © 8 6 6 «| 25 0 
Posese: Yaemussdli ode | | 
ooree, Juggurna’ ag 
Purneah 


Rawalpindee ne 


Sate Tt 
Sylhet 


= ; 
Wozeerabad sa. . 
London —Vagrr, Printer, 27—15, Camomile Street, Bishopsgate. 





ELLIOTT, BROTHERS, 


(LATE ELLIOTT AND BONS,) 


56, STRAND, LONDON, 


Manufacturers of 


Mathematical, Optical & Philosophical TLnstruments, 


TO THE 


ADMIRALTY, ORDNANCE, EAST INDIA COMPANY, AND MILITARY COLLEGES. 


Theovolites, Ledvels, Transit knstruments, Ke. 


£8 
Portable Transit Instrument (See Manual of Surveying, p. 152) 31 10 
30-inch ditto, with Iron Stand a ee en ee ee ee Ye 
30-inch ditto ditto, for Tunnelng . . 42 0 
12-inch Altitude and Azimuth Instrument . (p.161) 95 0 
15-inch ditto ditto. . . 120 0 
Plain Prismatic Compass, in ai Case . » » (p98) 3 8 
Best ditto ditto .  . . : ; . 3 13 
Ditto ditto, largesize . . .«. . « «© « . . 414 
Ditto ditto, with Silver Ring. . . . . £5 ds.to 7 7 
Ball and Socket Stand forditto . . . . . . 2 2 
Pocket Sextant,inSling Case . . . +. =. (p.121) 410 
Ditto ditto, with Telescope . . . ee. ee OO 
Metal Sextant, divided on Silver c. a (p. 127) 14 14 
Ditto ditto, with double frame » we 4 - « . 1616 
Quadrant . . . . . . . £2128,6d.to 414 
Artificial Horizon . 2s Sw tiwti‘“ SCS éC ie 84) £1 ds. to |= 4 14 
Optical Square ee ee ce ee » « 1 
Plane Tables. . . «© . ‘ fo 9) £5 5s. to 10 10 
G-inch Circular Protractor . . =. - ==. «| (p 204) #414 
Ditto, divided on Silver. rs 2 
Vinch dittoditto . . . +. «© «© «© « « « 616 
Sinchdittoditto . . .- «© «© © «© «© «© « W117 
Howlet’s Protracton . . ~ « «©  « (p. 207) 8 8 


A@ 
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Pentagraph, Minch . . . «3 «  « . (p. 209) 6 15 
Ditto, 80-inch o 6. ar 6 16 
Ditto, 36-inch o ecw et ee TR. Oe 717 
Ditto, 48-inch oo the je &. a es Se at. Oe 10 10 
Portable Station Staff : ; . : ‘ . - 212 
Gravatt’s Station Staff .  . wt, . £3 1388. 6d.to 4 4 
Mountain Barometer, Gay Lusac’'s. . . «. «. (p.212) 6 16 
Woollaston’s Boiling Apparatus i. jee Ge gs we ee 
4-inch Best Theodolite, divided on Silver - »«  « (p.107) 21 0 
§-inch ditto ditto .  . , i. . ° - « 4 3 
6-inch ditto ditto . . . . . . 2 7 
7-inch ditto ditto ; . 84:13 
5-inch Best Transit Theodolite ee ee ee a 
Ginchdittoditto . . . . . . « « « « 8418 
7-inch ditto ditto 5: uae cee 4 ee, ap ce@tS 
5-inch Improved Everest Theodolite a ae (p. 114) 25 4 
6-inch ditto ditto . . . . , . ° . 29 8 
7-inch ditto ditto 34 13 
8-inch ditto ditto a ee 39 18 
10-inch ditto ditto. . . . . .« « « . 

12-inch ditto ditto.  . . . «© . 2. «© « 

Drainage Level, with Stand . 44 
Small Dumpy Level : © © «© « «© « 616 
Elhott’s Improved 10-inch Dumpy Level - « « (p.149) 14 14 
Ditto ditto, with Compass. wi » 6 «© «+ 16 16 
Ditto ditto, 14-inch . 1516 
Ditto ditto, with Compass . 1717 
Ditto ditto, 18-inch - 17:17 
Ditto ditto, with Compass . . . . . . . ~~. 21 0 
10-inch YLevel .  . 2 A (p. 141) 9 9 
Ditto ditto, with Compass .  . 1010 
12-inch ditto . . 10 10 
Ditto ditto, with Compass 12 12 
14-inch ditto. . 14 14 
Ditto ditto, with Coatigiins be te. kn, ye Se ae STB 
Perambulator. . ». - + «© «© «  «~ (p86) 12 12 
Ditto, with Iron Wheel . . . «© «© ett ei ei 
Chain, 50-feet . O 
Ditto, 66-feet : 0 18 
Ditto, ditto, Galvanised GS mr Wo. ok me. Cle, Me ee 
Ditto, 100-feet . . . =. eo 3p we: 4 woe 
Arrows, theset . . «© «© «© © «© «© ge + O 2 


ecoostvroscoacoeceeaeoeceao aon @ oF 


eoooocoo om oscecococCc Ceo eo eoeceeoe a © 
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Drawing Instruments, We. 


Brass. German Silver. 


£ oa a. a. de 
Proportional Compass, 12-inches ; : : - 800 3818 6 
Ditto ditto, inches -. - » «+ » «© . 1100 200 
Whole and half ditto ; ; . : ; - 018 0 140 
Triangle ditto . . - + « « «+. . 018 0 14090 
TubeCompass . - + + «© « «- . 1150 260 
Ditto Needle Points . . -.- . .« . «. 118 0 280 
Tube Beam Compass . . - «© - «© -§ 200 211 6 
Pocket Turn-in Compass . . . .~ . - 160 £1416 g 
Ditto ditto, with handles . A 3 : : - 110 0 220 
Pillar Compass, with divided Sheath . . . . 1116 220 
Napier Compass ; » » « « . 111 6 220 
Pocket Dividers, with Sheath * 6 «© « «© 08 0 010 0 
Best double jointed Compass. " . 6... 015 O 61 d1(~ 
Ink Pencil, and Wheel Legs for ditto . - « -cah 056 070 
Lengthening Bar o © «© «© «© » «6 050 O07 0 
Hair Divider . ~». + © «© «© «© »« 010 0 018 0 
Plain Divider . . . - « «© «© «. O60 080 
Tates Bow ° . ° - 1 4 0 111 6 
Double jointed Bowpen and Bowpencil - each 010 6 O18 O 
Ditto ditto, Needle Pointed : . . -each 012 0 015 0 
Hair Bow Divider . . .- «© . «© .«. O09 0 O12 0 
Large Needle Bows . . . «. +. #«.ctch 015 0 11 ~°0 
Spring Bowpen and Pencil - « . .eah 0 8 6 O 8 6 
Spring Divider . : : Bs + 076 #07 6 
Ivory Handle Drawing Pen © 8 8 - 050 060 
Ditto ditto, jointed . ; ‘ ‘ é F - O 6 6 07 0 
Ebony ditto © 8 «© «© «© «© «© « 08386 0836 
Double Pen - 85 6© « «© « +» « 010 6 010 6 
Six Wheelsand Box. . . . . . 066 06 6 
Six Pens and 1 Handle, in Case 2 110 0 110 0 
‘Tracer : . . ‘ . . : 0 2 6 02 6 
Crow Quill Holder . . . . . .«. . 080 90860 
Needle Holder . . «© .«. «© «© «© «. 026 08 0 
Knife a ee ee ee 016 016 
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Macias Gale dc 2 < & & « £ &. m0 Oln 6 
Ditto, Ivory . . . - « «»« «© «© « « «©. 880 
Ditto, German Silver . , : ; i : : ; . 3818 6 
Ivory Plotting Scale 38. lw Cw wt ett ett ti tw C10 
Boxditto . . . .« .«© « «© «© « « « 0 40 
Ebony Parallel Rule . - . +. +. =. ~ «+ perinch 0 0 4 
Rolling ditto . 6 hell Ceti e Cperinch «©€OCh Cc CO 
Ditto, Ivoryedges. . . . +. ++ +. « perinh O 1 8 
Ditto, German Silver . . . . #« +=«- ~~ « per foot 110 0 





Brass. German Silver. 
Case of Instruments as supplied to the Royal Military 


College, Woolwich; and Ordnance School . . £212 6 £313 6 
Ditto as supplied to the Cadets at Addiscombe, £3. 3s., 


£3. 13s. 6d., and F ~ « « « 440 #5 65 0 
Ditto as supplied to Harrow School 117 6 
Ditto as supplied to King’s ao 3 0 0 
Ditto for Schools : 110 
Architect’s Case ‘ - 313 6 414 6 
Engineer's ditto, £3. 13s, 6a. to a 616 6 1010 0 
Magazine Cases of Instruments made of Brass, Gece 

Silver, or Silver, from ‘ é ‘ ‘ - 1010 0 350 0 0 
Current Meter . 313 6 
Steel Tape Measures, £1. bs, to 3 3 0 
Helicograph, or Spiral Instrament 3.3 0 
Fayrey’s Elliptograph ‘ 717 6 
Opisometer, or Map Meter, for seeabetiig = ines 0 3 6 
Card Protractors, 12 in. circular . 02 6 


Sang’s Platometer, for Calculating Areas . . . . =. 1 


010 0 
Reconnoitring, or Race Glasses, in sling case 414 6 
Military Telescope, as supplied to Royal Artillery 2 8 0 
Ditto ditto, ,, - to Royal Engineers 3.8 0 
Mirrors to ditto, to reflect objects at any angle 015 0 





Treatise on Slide Rule, by Rev. W. Elliott, 1s. 6d. 
Heather’s description of Instruments, 1s. 


In adding the above list of Instruments particularly referred to in this 
Work, E.uiorr, Brorners, beg to state that they manufacture and keep in 
stock every Instrument expressly for the Indian climate; and, in addition to 
the above, they manufacture every description of Mathematical, Optical and 
Philosophical Instruments. 
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WATKINS & HILL, 


No. 5, CHARING CROSS, 


LONDON. 


Warxixs & Hii take this opportunity of informing their friends and 
the Pubhe that they have published Illustrated Catalogues, in parte, 
descriptive of the Instruments and Apparatus adapted to each branch 
of Naruvran Pamosopny anp Caemistey; they have also published a 
general descriptive Catalogue of the whole range of Instruments 
employed in Exprermrentat Science, with copious descriptions and 
Illustrations. They beg to add, that they manufacture every descrip- 
tion of Instrument and Apparatus expressly for the Indian Climate, and 
execute all commissions appertaining to Science. 


ILLUSTRATED CATALOGUES, &c. 


Optical Instruments. (Price 6d ) 

Electrical Apparatus. (Price 6d ) 

Magnetic, Electro-magnetic, and Electro-dynamic Apparatus. (Price 6d ) 
Thermo-electric Apparatus. (Price 6d ) 

Hydrostatic, Hydraulic, Pneumatic, and Acoustic Instruments (Price 6d ) 
Astronomical, Geodetical, and Mathematical Instruments, 

Introduction to Experimental Chemistry. (Price 2s. 6d) 


407 SE LISSSEN IS. 


WINSOR & NEWTON, 
ARTIST COLOURMNEN TO THE QUEEN, 
MANUFACTURERS OF 


All kinds of Materials for Drawing and Painting; Cake and Moist Water 
Colours; Oil Colours in Tubes; Prepared Canvas and Panels; Artists’ Brushes 
of every description; Cumberland Lead Drawing Pencils, and every kind of 
White and Tinted Drawing Papers.—Boxes fitted complete with all materials 
necessary for Water or Oil Colour Painting. 


Orders Excouted by all the principal Agents in India. 


Wirson & Hxwron, 38, Rathbone Place, London. 


ST. ANDREW'S LIBRARY, CALCUTTA AND BOMBAY. 





TO SURVEYORS. 


Messrs. THACKER, Spink & Co., Calcutta, and Messrs. THACKER & Cu., 
Bombay, constantly keep on hand every article required by Surveyors, selected 
with the greatest care, from the most noted London Houses, consisting of 

SURVEYING INSTRUMENTS, 
From the celebrated houses of Troughton & Simms, and Elhott & Sons, viz — 


Theodohtes Straight Edges Goniometricians 
Dumpy Levels Prismatic Compasses Barometers 
Levelling Staves Beam Compasses Hydrometers 
Levelling Instruments Compasses Wind Gauges 
Spirit Levels Line Curves & Set Squares | Thermometers 
Plotting Scales Cross Sights Sun Dials 
Gunter’s Scales Pentagraphs Horizons 
Dnagonal Scales Measuring Tapes Sextants 
Parallel Rulers Mathematical Instruments | Quadrants 
Protractors Square ditto Stadiums, & & 
1 Opisometers 


Catalogues of which can be had on application to Messrs. Tuackzr & Co. 
Terms, Cash, for which 15 per cent discount es allowed, 





OFFICE REQUISITES. 


Drawing Papers of all sizes, rough and smooth. 

Tracing Papers and Tracing Cloth, of various widths. 

Water, Oil, and Moist Colours, manufactured by Newman and Winsor and Newton. 

Brushes of Sable, Camel, Badger, and Hog Har, round and flat, of every maze. 

Colour Boxes of various descriptions, fitted and empty. 

Pens, Stecl and Quill, of every kind. 

eared aad Presses, by means of which Plans and Maps may be reproduced in any 
number. 

Parlour Printing Pressca, with Type for Printing Circulars, Instructiova, &o. 

Copying Presses, both Portable and on Stands, by Mordan, Ritchie, and others. 

Ink , India Rubber, Knives, &. &, 
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SE ANDREW'S LIBRARY, CALCUTTA AND BOMBAY. 
ARTICLES FOR SURVEYORS—vontinued. 


far. 





UMBRELLA TENTS. 


The above Engraving illustrates the nature of this Tent, which, from its | arial 
facility of erection, security, and small cost, 1s most admirably adapted for Indian use 

It consists of a vast Umbrella, the lower part of the pole of which is driven firmly into 
the ground, the upper part fixng on with a bayonet joint, curtains pendent from the 
extremities are pegged to the ground, and the whole steadied with cords also pegged 
Twelvo persons can sit within, and a small round table affixed to the pole renders the 
accommodation still more complete The Tent can be erected and taken down in a 
few minutes, and, when folded up, is contamed in a canvas bag 6 feet long and 12 inches 
wide They are obtainable of Canvas, or covered with Vulcanized India-rubber, 
impervious to the heaviest ram, and unaffected by any hoat 


BROWN BROTHERS’ PATENT CAMP CHAIR-BED, 


Folding into a small compass, forming a capital chair, and capable of being extended 
into a comfortable bed It 1s represented 1n the sketch of the Umbrella Tent above. 


THE MAGIC KITCHEN, 
Containing, in 9 compact tin box, not more than 9 inches square, a Stove, with every 
culinary requisito, ready for ummediate use. 


FIRE ARMS. 
Revolving Pistols and Rifles, by Col. Colt, Dean & Adams, and T, K. Baker, of 
various s81zes and prices 
-range Rifles, by T. K Baker 
Air Canes, by Reilley, which may be used as a walking stick, and im two or threo 
minutes can be transformed into a powerful Ar Gun. 


eis PERSONAL REQUISITES. 

Portmanteaus of the best manufac- § Patent Travelling Cases, 10 hy 7 morocco 
ture, of registered sizes, furnished with trays contamin arcenng and wie apparatns 0! 
Tin Trunks, painted oak, and admirably adapted the best ption, patent spring lock, &c 

for ladies’ dresses or as bonnet boxes, Ditto, 10 by 9, Russia leather, sunk brass handle, 
fitted with dressing apparatus, and space for 


B1ZeS 

ee A Cowvan, of three mzes, well and papers and wanng areas e 4 

Leather bags, Enamelled, and impervious to with leather travelling covers Hy 
wet, also of three sizes Pocket Books, Note Books, &c , &c. 


Improved Patent Hat Boxes, with Trays, form- Block Sketch Books and Morocco Colour Boxes, 


ng oon and very convenient portable Pot t- - pony eng Pare gai, for pre iersed P E 

man ‘ortfo! miting Cases ‘ting Books, of 
Conyes Es oF large size, secured by leather P all inde and sizes 4 ; 
Patent Travelling Desks, 16 by 12, red ment ecm 

three folds, forming when opened a full The Portable Copyist, whereby letters written es 


desk, fitted with 
and oe and 
upright stationery case complete in all respects. 
a ee back and fastenings , patent lock 
rao conteatia anche aya, toed wie Bee 
6 wi Aw 
cna f and writing materals » books as above, Hommece a Modieane Coue totket ane 
patent ink and taper stands, brass hinges, &c bule bottles 


patent inkstand, journal, route may be copied as precisely as with a 
memorandum book, with Copying as, fitted m a wooden box with 





LIGHT, CHEAP AND DURABLE ROOFING, 


48 ADOPTED BY 
HER MAJESTY’S GOVERNMENT. 
— 


CROGGON anp CO,, 


No. 2, DOWGATE HILL, LONDON, 


Beg to call the attention of Noblemen, Gentlemen, the Trade and the Public 
to their 


PATENT ASPHALTE FELT, 


FOR ROOFING, 


PATRONIZED BY 


Her Majesty’s Woods & Forests The Liverpool and Manchester The Marquis of Anglesea 
Her Majesty’s Board of Ordnance The Chester and Holvhead The Marquis of Westminster 
The Royal Agricultural Society The Norfolk and other Railways The Birkenhead Doch Company 

of England The Corporation of the City of The Dock Trustees of Liverpool 4 
The Leeda and Manchester Edinburgh Most of the Nobility, Gentry and 
The London and North Western The Duke of Buccleugh Agriculturists 


And many Members of the Royal Agricultural Societies in England, Scotland and Ireland 


The Fert has been extensively used and pronounced efficient, and particularly applic- 
able for warm climates 
1 —It is a non-conductor 
2.—It 18 portable, bemg packed in rolls, and not hable to damage in carnage. 
3.—It effects a saving of half the Timber usually required. 
4,—It can be eamly apphed by any unpractiscd person 
5.—From its lightness, weighing only about 42Ibs. to the square of 100 feet, the 
cost of carnage 1s small 
Under Slates in Church or other Roofs the Felt has been extensively used to regulate 


the Temperature. 
INODOROUS FELT, 


FOR DAMP WALLIS AND FOR DAMP FLOORS, UNDER CARPETS AND FLOOR CLOTHES; 
ALSO, 


e FOR LINING IRON HOUSES, 
PRICE-ONE PENNY PER SQUARE FOOT. 


Crooaon & Co.'s Patent Fextep Surataine, for Covering Ships’ Bottoms, &c., and 
Day Haze Fert, for Covering Steam Boilers, Pipes, &c., preventing tho radiation of 
Heat, and Saving 25 per Cent. of Fuel. 


Samples, Testimonials, and full instructions, on application to 
CROGGON & CO, 2, DOWGATE HILL, 
LONDON. 
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A GUIDE 
TO THE 
PURCHASE AND USE OF SCIENTIFIC INSTRUMENTS, 


BY 


HORNE and THORNTHWAITE, 
Opticians, Philosophical Enstrument Makers, Se., 
122 and 123, NEWGATE STREET, LONDON, 


Containing upwards of 1000 Woodeuts of the various Instruments, Experi- 
ments, &c., in 


Chemistry Polarized Light 
Photography Magic Lanterns 

Heat Dissolymg Views 
Steam Engines Electricity 
Meteorology Galvanism 

Globes and Orreries Electro-Metallurgy 
Pneumatics Magnetism 
Hydrostatics Thermo-Electricity 
Hydraulics Electro-Magnetism 
Acoustics Medical Galvanigm 
Telescopes Surveying Instruments 
Microscopes | Drawing Instruments 
Astronomy Mechanics 

Optics | &c., &e. 


VIEILLE MONTAGNE 


ZINC MINING COMPANY, 


Beg to call the attention of Engineers, Architects, and Contractors, to their 
new system of Roofing, especially adapted to hot climates. The form of the 
Italian Corrugated Zinc gives it a great addition of strength to the ordinary 
mode of Corrugating, and is at the same time of a much superior appearance. 
As EXPANSION and ConTRACTION, arising from variations of temperature, are 
allowed to take place freely, no inconvenience is caused. 


Price, from 50s. per Square of 100 Feet. 


Every information, and instructions for laying, to be had on application to 
THE COMPANY'S SURVEYOR, 
12, MANCHESTER BUILDINGS, WESTMINSTER, LONDON. 
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CHEMICAL AND PHILOSOPHICAL APPARATUS, 
OF EVERY DESCRIPTION, 
MANUFACIURED BY 


JOHN JOSEPH GRIFFIN, F.CS8., 
HRonorarp (Viember of the PHilossyhical Society of Glasgow, 
119, BUNHILL ROW, LONDON. 


lid PPRORLPLALALAPERE PAPAL, & 


A Descripiwe and Illustrated Catalogue is Published, Price 1s. 6d. 


(CHEMICAL APPARATUS of every Description, for the Ilus- 

tration of Lectures or of School Lessons, for Private Study, for Manufacturing 
Uses, or for Analytical Researches, of the best quality, and at moderate prices, supplied 
by Jonn J. Geri, F.C § , 119, Bunhull Row, London. 


PORTABLE CABINETS or CHEMICAL APPARATUS, at 
fein Sls. 6d., 42s., 52s. 6d. These contain Apparatus and Materials suitable for 
A large Cabinet suitable for a Schoolmaster, 5 guineas. An Analytical Collection, 
ee —_ Examination of Minerals, 10 guneas. A more complete set mm two 
abinets, 18 guineas. 
For fates lereculas, — readers ve Catalogue of ol and 
hical Apparatus, 200 pages, with above 1000 figures, price 2s. 
Joun J. Gurrix, F.C 8, 119, Banhill Bow, London. . 


QEMICAL TESTING IN THE ARTS.—Graduated A ppa- 
ratus for ene the strength and purity of Acids, Alcalies, Bleaching 
Powder, Vinegar, Nitre, Indigo, &c. eters of every description graduated with 
soe: Chemical Thermometers.—Joun J. Grirrin, F.C.S., 119, Bunhull-row, 
mdon. 





MINERALOGY AND GEOLOGY. 


(SOLLECTION S and SPECIMENS of ROCKS, FOSSILS, 
MINERALS, ORES, &c., mn the best condition, arranged in Scientafic Order, and 


correctly named. 
ROCKS AND FOSSILS. 
The Cut Specimens of Rocks of the size of 9 square inches — 


150 Specimens ... .£4 4 0' 500 Specrmens ... £20 O O 
300 Specumens .. . 1010 © 700 Specimens ... 30 0 0 
MINERALS. 

Size, 4 square inches Size, 6 square unches 
200 Specmmens.. . .- £313 6 300 Specimens £8 8 0 
300 Specimens ... -. 6 6 0 400 Specimens. ... 14 0 0 
1000 Speamens ... .. . 20 0 0 600 Specamens ... . 21 0 0 


METALLIC ORES, 
Including the Commercial Ores of all the Useful Mctala — 
100 Specimens, 4 1n...... £410 0| 100 Specimens,9im, .. £515 6 
ELEMENTARY COLLECTIONS IN MAHOGANY CABINETS, 
Containing Drawers, Folding-doors, and pasteboard Trays fur the Specimens —No. 1, 
containing 100 Specimens, £2 128 6d. No. 2, 150 Specimens, £4 4s. No 3, 200 
Speci £5 5s. Size of bo wage 2 square inches. Rocks and Minerals the same 
in price.—These and many other Collections of Mineral and Geological cae may 
be seen at the Warehouse of the Advertiser —Joun J. Guirrin, F.C.S., Chemust, 
Mineralogist, and Optician, 119, Bunhill-row, Finsbury. 
PHOTOGRAPHY .—The undersigned has just Published an 
cntirely New Catalogue of Apparatus and Chemicals sustable for the various pro- 
cesses in Photography. I¢ includes Lenaca, tho chemical and visual foci of which are 
comcident; brass bound riry ord arora og for hot climates, a new flexible 
Camera, for Landscapes, of 10 by 8 inches, which folds up into a packet of 11 by 12 by 
5} inches, and weighs only 8 Ibe. Also, perfectly rE Chemicals. Photographic 
Paper, Glass and Silver Plates, end all tho subsidiary of tho best description, 
at moderate prices, —Joun J. Gutrrin, F.C.S., 119, Bunhill-row, London. 
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MESSRS. CARPENTER & WESTLEY, 
@ptictans, 
24, REGENT STREET, WATERLOO PLACE, LONDON. 


DISSOLVING VIEWS. 


Amusement and Insts uction by means of Carpenter & Wesrixy’s Improved Phan- 
tasmagorie Lanterns, with the Chromatrope and Dissoluing Vrews, and every possible 
vaniety of sliders, including Natural History, Comic, Lever, Moveable and Plam, Astro- 
nomical Views in the Holy Land, Scmptural Portraits, &c. 


No. 1 Lantern, with Argand Lamp in Box, £2 12s, 6d. 
No. 2 Ditto, of a Larger size, with very superior Lamp, £4 14s, 6d. 
A Pair of Dissolving View Lanterns, No. 2, with apparatus, £11 Lis. 


The above aro supplied with a Lucernal Microscope and seven sliders, at 31s 6d. 
extra, (if reflectors are required, the charge is 7s 6d. each Lantern extra ) 


N.B.—The above prices do not include any sliders for the Lanterns, and when 
ordered, it 1s better to specify about the amount rs okay for the Dissolving Lanterns, 
from £20 to £30 worth of sliders make a good exhibition. 


The drawing above represents the Lanterns arranged for the Diesolving si It 
will be seen, two Tanterna a6 required for go ag ow shown m the Great Exhi- 
bition. see Official Catalogue, Class X., No 27U. The No. 2 Lanterns are pecuharly 
adapted for India, the cases made with double tin work, to keep them cooler. 
Every kind of Optical Instruments supplied to order. 


IMPROVED EXTRA LARGE DOUBLE RACE GLASSES, with a Jomt, £5 16s. 
each, in patent leather sling case. 


12 ADVERTISEMENTS. 





Books published under the authority of the Bombay 
Government. 





Sudder Foujdaree Reports, 1827 to 1846 . ......... jc: Be eee asewewsina *3 
Morris’s Sudder Foujdaree Adawlut Reports ......006 cscseccssecees nseee 8 
a———= Selected Cases, Sudder Foujdaree Adawlut, from Jan. to Dee. 1854, each 1 
—— Ditto, ditto, ditto, from January to March, ee each...... ae | 
——— Sudder Dewanee Adawlut Reports, Part I. sia ewes. a 
—— Ditto, ditto, ditto, Part II. ...... es Mig eewe aera. geass 2 
—— Ditto, ditto, ditto, Part IIT. ............. a vaanees ee aaa ie 2 
Newton’s Translations, Sudder Dewanee Cases. a ae ee ee 1 
Bellasis’s Sudder Dewance Reports .. ....... oe de’, Seees 1 
Circular Orders, Sudder Foujdaree Adawlut, on Police matory, 1824 to 1852 .. 0 
——— Orders passed by the Sudder Dewanee Adawlut .. Sceaur Suan 0 
—— Ditto, ditto, | Sudder Foujdaree Adawlut. eee cae eres 0 
—— Ditto, Vol. I, Police Branch, Judicial Department .......... . O 
Selections from the Records of Government, Police Branch, No I. .. ....... 2 
Ditto, ditto, ditto, ditto, PartII. ..... 0 cssvece 1 

sac! scrapie on the Bombay Regulations and Acts for the Government of 
English Acts, each ..... .. i Se ge aur sich Set apie 0 
Mahratta Acts,each . sate: fe a are ee ey 0 
Guzeratee Acts, each ............ So. Sear Ber °C eis shecaieis jae. “O 
English Regulations, from 1827 to 1834 =... os se, ecg: “bee eee 
Mahratta ditto, ditto hs we oe epee LO 
Guserattee ditto, ditto : . siseasckO 
Chronological Tables . ‘ ee wae » ace «=f 
Morley’s Digest of Indian Cases, Vol. ae 6 weeeesesne wecceenece SO 
Royle on the Culture of Cotton in India .. cM epaweriae: 
Rules and Orders of the Supreme Court, Bombay . 5 wares sewer oO 
Steel on Hindoo Law .. LeKeRS twee Gia e senesced: eeecee e pesee 26 

Laws ser oes to Admunistration of Criminal I — dadbnies os in uae m 

reise & Co, St. aw 8 Tikeey: Bombay. 
Selections from the Records of Bombay Government, 

New Series. " 
No I.—Supply of Water to Bombay ... ... . : vas 4 
I1.—Report of the Southern Districts of the Surat Collectorate | se - ewate, a oe 
IIT.—Settlement of Foras Landsin Bombay .. .. S Weetéeee @ cae 2 
IV.—Report on the Collectorate of Sholapoor 2. 2. 0k eeu nee oe 0 
Vi ——————— Ahmedabad Collectorate ...... a Aine ae | 
VI.—Papers on the Construction of Tanks for Irrigation . eewwesdaar 0 
VII.—Statistical Report of the Colaba Agency , a er oy Ae 
VIIL.— —____—_—- on the Prancipality of Kolhapoor bia uses soassecsecee 2 
IX.—Bombay, Baroda, and Central India Railway ........ccesseccces os 1 

X.—Memoir on the Sawunt Warce State; Report on the Portuguses Settle- 
ments in India ...... ec cc eee ct eccvecce cencesenss 3 
XI.—Sanitary State and Sanitary requirements of Bombay (with Appendices) 1 
XIT.—Miscellaneous Information connected with the Mahee Kanta .......... 3 
XIIT.—History of Sind, from a.p. 710 to 1590 . ... ..... 1 


(And subsequent Selections as issucd. ) : 
Taacxzn & Co., St. Andrew’s Library, Bomnay. 
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VALUABLE WORKS, 


PUBLISHED BY 


W. THACKER & Co., 87, Neweate Sreeer, Loxnon. 


Bole Ponjis, 
(Anglicé BOWL OF PUNCH): 


Containing the following ingredients :—POETRY : The Tale of the Buccaneer— 
The Picture Gallery— Song of the Forge—The Colosseum at Rome— 
Sketches from arg Texts—The Decline and Fall of Ghostsa—Scenes of 
the Seven Ages—A Vision of the Red Sea—The Indian Day— Miscellaneous 
Poems—Orientalisms. PROSE: A Bottle of Red Ink—The Junction of the 
Oceans—Agincourt—A Tale of the Indian Ocean—The Dechne and Fall of 
Ghoste—Scenes of the Seven Ages—Orientalisms—The Amateurs. By HENRY 
MEREDITH PARKER, Esq., Bengal Civil Service. Two Vols., fcap. 8vo., price 12s. 

“The ist leasing, and ted, and the well varied ’’—<Athenaeum. 

ee Pteed cating, the vans bang flnent, and the prone hvaly "Spectator. 

‘Some of the mmor poems are exquisitely simple, touching, and beautiful, and :ncal- 
culably superior in poetic ment to any that have come under our notice for a long 
time.” —Brstannta. 


Walshe’s Military Catechism and Handbook 


On REGIMENTAL STANDING ORDERS— DUTIES OF OF FICERS—GUARDS—DRILL 
AND EXERCISE—THE INTERNAL ECONOMY OF A REGIMENT—CouRTS MaR- 
TIAL—MbtTInyY ACT—ARTICLES OF Wak, &c. 


To which are added. Selections from the Queen’s Warrants on Pay, Rewards, 
Allowances, &c., and an Appendix contaming Forms, &c, Second Edition, 
Revised and Enlarged, with a Supplement containing the Militia Regulations. 
By J. H. StocQUELER, Esq. In 8vo., cloth, 10s. 


“The whole duty, from the Private to the Colonel, 1s pointed out in detal, with 
copious forms for Reports, Examinations, and Courts Martial, even to the intenor eco- 
nomy of a Regiment. Nothing 1s taken away from or added to the 2 ed Standing 
Orders of the Service, and we are not alone in opmion that Captain Walshe deserves 
great credit for the faultless manner in which he has compiled so laborious and useful a 
vade mecum out of the great mass of Orders issued from the Horse Guards To those 
who have sons intended for the Army, if they would but ‘ get up’ the Catechism named 
in this most useful work, they would be dismissed drill within a week after jong, 
with thanks from the Adjutant, who has h to do to give words of command, and 
see them sa he without giving lectures on the causes and reasons of mancuvering, 
which this Handbook so intelligibly cxemplifies —Royal Mustary Magazne 


A Volunteer’s Indian Scramble 
Through ScINDE, the PunsausB, Hinpostan, and the HimaLayaH MounTAINS, 
By Lieut. HuGco James, Bengal Army. Two Vols., post 8vo., price 18s. 
‘This ‘Scramble through Scmde’ is very entertammg Mr. James 1s a pleasant 
travelhng companion, and carries us over steep mountams and through dark jungles at 
an exhilirating rate His description of a tiger hunt, a dust storm, or a picnic, 18 ahke 


diverting, whilst his account of the country and the people 1s really instructive.”— 
United Servwe Magazne. 


The History of Hyder Ali and Tippoo Sultaun. 

The History of Hyder Shah, alias Hyder Ali Khan Bahadur, and of his Son, 
Tippoo Sultaun. Revised and Corrected by His Highness Prince GHOLAM 
MOHAMMED, the only surviving son of Tippoo Sultaun. Royal 8vo., hand- 
somely bound, price 14s. 

*.* Thus ‘work affords 2 most interesting and faithful view of Indian Politics and 
Warfare, as related by Native Historians. 
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Debate on the Indian Army. 

A Verbatim Report of the Debate in the House of Commons on the 10th May, 
1855, upon the Motion by Sm Exskine Penny for the Appointment of a Select 
Committee to consider and inquire how the Army of India might be made most 
available for War in Europe, and to inquire into the steps necessary to be taken, 
if it should be deemed Ee ee 

a Royal Army. With a li ivision, remarks of the Press, and 
Uther Documenta. Tin One Vol., Svo., sewed. : o 


Report on the Indian Civil Service. 


het tolgh saksiaah hamper pe on sted ar the Indian Civil Service to 
Public Competition, and the Principles and System on which the Examination 
of Candidates is to be conducted. By the Right Hon. T. B. Macavtay, the 
Rev. H. MELVILLE, LorD ASHBURTON, Mr. Jowett, and the SPEAKER of the 
House of Commons. In 8vo., sewed. 


Handbook for India and Egypt; 
Comprising the Narrative of a Journey from Calcutta to England, by way of the 
River Ganges, the North-West of Hindostan, the Himala the Rivers Sut- 
ledge and Indus, Bombay and Egypt; and Hints for the-Guidance of Passen- 
gers, by that and other Over utes, as well as vid the Ca ere WS 
fo the Three Presidencies of India. By Groner Pansury, Eaq., MR.AS., 
Second Edition, with Map, post 8vo., 500 pages. Price 12s. 

‘‘ We have no hesitation in saying that it is by far the most complete and accurate com- 
pilation which has yet a im India. The steht of the work 1s excellent— 
no man should embark without it. Such a work was indeed much needed, more sy ame 
for those who for the first time quit their native land for India.” — Friend of Indta. 

“Tt is one of those books m which the useful and the agreeable are mingled, which 
may be resorted to both for information and amusement, full of useful hints to the tra- 

, and will prove an invaluable cade mecum to those who visit India, either for 
vrnThd cacucalare (ive te Ge aes full, sensible, and a furnish 

6 partic iven by the author scom sensi specific, an i 
much various rt oe of different kinds.” —Syectator. ; 

‘The instruction and directions are admurable, but not ices admirable in their proposi- 
tions than marvellous in their easy execution.” —John Bull, 


— a ee ee 








ALSO, 
Map of the Countries between England and India. 
For the use of Overland and other Travellers. Ina Portable Case, price 6s. 


England as it Is, and Might, and Ought to be. 
By Justus WI1D, late of Leeds. 8vo., 2s. 


Now atvadable at a Reduced Price. 
The Alif Laila. 
In the Original Arabic, edited from a celebrated manuscript by Sir W. H. 
MACNAGBTEN, Bart., 4 vols., imperial Svo. 
*,* This work having just been declared one of the Test Books for the 
members of the Civil Service, Messrs. THACKER, SPINK & Co. have resolved so 


op rede he eee oe Oe ee ar al ae interested 
therein, and have riya aati Rs., the original 
price of the book being 64 


THE TRANSLATION 


of the first portion of the above Work, executed gurieg acd H. W. ToRReEns, 
Esq., C.S8., is also available, and is now reduced in price from 8 Rs. to 5 Rs. 


— eee ee oe ee 


ST. ANDREW'S LIBRARY, CALCUTTA & BOMBAY. 
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HUBBUCK’S 
PATENT WHITE ZINC PAINT, 


The Permanent Wihate of the Ancient Artist, 
HEALTHFUL, DURABLE, ECONOMICAL. 





Hussvucx & Son, the Manufacturers, are enabled by their process, which 18 
patented, to supply their Pure White Zinc Pant at the price of White T.ead. 


HEALTHFUL TO THE PAINTER, AND TO THE OCCUPANTS OF NEWLY. 
PAINTED ROOMS. 


Being entirely free from any poisonous property, which White Lead largely contains, 
Apartments may now be immediately occupied without being Seiranontal to health. 
Those direful maladies, Paralysis and Painter's Colic, are altogether avoided by its use. 


The cheapness of Zc Paint is apparent when compared with White Lead for 


example,—1 cwt Zinc Pamt and 8 gallons of Boiled or Raw T.nseed O11, will cover as 
much surface as 12 cwt. of White Lead and 6 gallons of Oil and Turpentine. 


For House Painting, Iron Vessels, and Marine Engines, 
It is especially adapted, to the former for its wholesome properties, pure colour, 
brilancy, and durability ; and to the others by its galvanic Ai on sy entermg 
the pores and formmg an amalgam of the two metals, which protects them from decay 


or incrustation. Its whiteness 1s unaffected by atmospheric or other gases, effluvia, 
bilge-water, noxious vapours from cargo, or the heat on funnels of steam vessels. 


Sold by the Wholesale Patnt Dealers, wn original Packages. Each cask stamped 
“HUBBUCE, LONDON, PATENT;” 
And when so marked, the qualsty is guaranteed. 


For ail requirements, in Painting the interior or exterior of Buildings, Ornamental, 
Decorative, or Sanitary purposes, inside and outside of Ships, Light-houses, Sluice- 

tes, Iron Roofing, Bridges, and every purpose where Painting is essential, Hupsuck’s 
Patent White Zine Paint has proved to be superior to every other Pamt, and equally 
adapted for all climates. 


Full Pariwculars may be had of the orygunal Wholesale Manufacturers, 


THOMAS HUBBUCK & SON, 


5 
UPPER EAST SMITHFIELD, LONDON. 


(OPPOSITE THE LONDON DOCKS.) 
‘Its use must be eventually universal, and to our friends in India we would recom- 
mend its adoption, as beng the only healthful paint, and the only one adapted to all 
climates.” —Ailas for India, Dec. 24, 1852. 


‘¢ For public schools, and all rooms occupied by children, there will now be no excuse 
for using poisonous paints. Parents have remarked that their childgen, on returning 
from the country to newly-pamted houses, have suffered in heal The reason is 
evident the breath extracts the poison from White Lead even after the paint 1s dry, 
and the lungs draw in the deadly vapour.” — Wealeyan Temes, August 5th, 1850, 











N.B.—-OLD ZINC AND ZINC CUTTINGS BOUGHT TO ANY EXTENT. 
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ASTRONOMICAL POCKET CHROXOMETERS 
AND AND 
ORDINARY CLOCKS. DUPLEX WATCHES. 


CARTER, 
61, CORNHILL, LONDON. 


‘Waronss, Crocxs, and Coronomeresrs of the best description only, manu- 
factured by Canter, 61, Cornhill, London, Maker to the Royal Navy, the 
Honourable East India Company, and Clock Maker to the Dover and 
South Eastern Railway. Invites attention to his Improved Patent detached 
Lever Watches, with Compound Chronometer Balances, carefully adjusted 
to the temperature of an Indian climate; also his superior independent 
centre seconds, so much approved by Civil and Military Engineers. 


SOUND SILVER LEVER WATCHES FROM EIGHT GUINEAS 
AND UPWARDS. 


61, CORNHILL, LONDON. 


The superiority of Canrer’s Chronometers, induced the Government 
to reward him to the amount of nearly One Thousand Poumjs. 





Vantr, Printer, 27—15, Camomile St 


